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}}) STRAM ROLLERS. 


VOL. CVL—No. 2760. LONDON: FRIDAY, NOVEMBER 22, 1918. eee fan sedate ale 
BA veting & Porter, Ltd., arrow & Co.,-Ltd., _) ohn Bellany, Limited, les Limited, 
vapetathins 7h  2, entpgaticag GINEERS, IRLAM, MANCHESTER. 


RocuEsTer, KENT. 
and 72, Canwwon Strreer, Lowpon. 

ROAD LOCOMOTIVES. 
STHAM CULTIVATING MACHINERY, 
STEAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 6808 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMBERS OF 
BXCEPTIONAL SHALLOW DRAUGHT. 
Repairs on Pacific Coast 
by YARROWS, —— Victoria, British 


jumbia, 687 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


MILLWALL, LONDON, B. 
GeweraL OonsTrucTionaL BNGLNYEERS, 


Boilers, Tanks & Mooring Buoys 
Srmis, Perrot Tanxs, Arm ReEcEIVveERS, STEEL 


Cuimnekys, RIverep STEAM AND VENTILATING PIPES, 
Hoppers, SpreciaL Worx, REPAIRS OF ALL Kinps, 





LA. Gg Mord, LL 


CULVER STREET WORKS, COLCHESTER 
Ow ADMIRALTY aNp Wak OFFice Liss. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FHED PUMPS. 

Bee Advertisement, page 34. 


PATENT betes? fe BOL 


LERS, 
UTOMATIC FEED REGULATORS, 





And Auziliary ay ee ee ee 
enry Butcher & Co., 


VALUBRS axp AUCTIONBERS, 
8 ing in the 
ENGINEERING, FOUNDRY & MBTAL TRADBS. 


for 
PLANT AND MACHINBRY. 
63 amp 64, CHANOBRY LANE, 
LONDON, . 2 
"Phone: Holborn 2295. 
Telegrams: P Penet y, Holb., London. 


reiuih-—Elestric. Steam, 
HYDRAULIC and HAND. 
of all t and sizes. 
GEORGE RUSSELL & OO., Lrp., 
Motherwell, near Glasgow. 6451 
STBEL TANKS, PIPES, GASHOLDERS, &c. 


of Neg Piggott & Oo., Limited, 


RMINGHAM. 
See Advertisement last week, page 112. 


| ek and Gon, 


LriMirep. 


MARINE ENGINBERS, &c. 
Newsunry, Bxeianp. 


6391 

















ank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORHE, LESLIE & CO., Lp., 
fie NEwoasTLe-on-TyneE. 6452 





[WPe G lasgow Railway 
Tapoocing Oompany, 
GOVAN, GLASGO 
Londen ie Victoria Stet, 8. w’” 


NUFACTURERS 0 
RAILWAY CARRIAGE ews AND TRAMWAY 
WHERBIS & AXLES. 


CARRIAGE & WAGON Tow Wonxs, also 
CAST-STEEL AXLE BOXE: 


|p & W. MacLellan, Limited, 


CLUTHA WORKS, Seenen. 
MANUFACTUBERS 





RAILWAY CARRIAGES auD WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES,/ROOFING, &o. 


Chief Offices: 129, Trongate, Guascow. Od 8547 


i Registered Offices; 108, Cannon 8t., London, B.O. 





Preller, Horsey, Sons & Cassell, 
SPECIALISTS 
in the 
SALE AND VALUATION 
PLANT AND MACHINBRY 


ENGINEERING WORKS. 
21, BILLITER SQUARE, B. -c. 3. 


[svincible ible (jauge (jplasses. 


BUTTERWORTH BROS, Ltd., 
Newton Heath Glass Works, 
Manchester. 


Iron and Steel 


| Pubes and Sean oth 


The Scottish “Tube Co., Lid. 


1884 








Od 915 





= HkAv Orrice: 34, Robertson Street, Glasgow. 


pitsntts n> maser Banat 





oe A ame. 


((ampbells & Hamer, L 4 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


°¥ achts, Launches, or Barges, 


Built complete with Steam, Oil or Petrol 
Motors, ; or supplied, Od 3661 
VOSPER & CO., Lrp., Broap Staxer, PorrsMouTH 


‘ “FOR i 
ight tructural ork 


rite 
GARTSHERRIB ENGINEERING & FORGE a 
50, WELLINGTON STREET, GLasGow. 


1 Feel A PPliances. 


PRESSURB, 
SYSTEMS {arg 
STEAM 











FOR BOILERS OF ALL TYPHS. 


Kermodes Limited, 
35, Toe TemPLe, DALE Srreet, LIvERPOOL ; 
a 
109, Pancurvncm Sasser, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 
ocomotives Tank Engines 
Cotaet and constructed La 
MANNING, W. LE AND COMPANY, Liurrep, 
yne ane orks, Leeds. Od 2487 
See their Illus, Ad ment, page 129, last week. 


hran MULTITUBULAR AND 
(Cre OROSS- 


108S-TUBE TYPES. 
Bowlers. 

See page 99. 6455 

RAILWAY AND TRAMWAY ROLLING STOOK. 


HH: Nelson & Co. L% 


Tue Guiaseow Roiaine STock anp PLantT tyme 
MoTeERWELL. d 8383 


Recorder Wanted. 
T.R., Surrn’s Ca DY waggle es “Tea, 30m 
Fleet’ Street, Londo, B.0. 4. is "a 100 


4078 

















STEEL JOISTS, 
STEBL CHANNELS, 
BRIDGE RAILS, &c. 


Fleming Bros. 


STOCKHOLDERS, 7043 
65, BATH STREET, GLASGOW. 





[lubes and Fittings. 


Stewarts and Lords. LL. 


Glasgow and Birmingham. 


See Advertisement page 128. 


Rubber 


Belting 


6462 
MANUFACTURERS 





GUTTA PERCHA & RUBBER, LIMITED 
Toronto Canada. 6702 


eM ee ed ok oie CARBON \ 
COe2 P lants (prone) | Bepe: 
for Chemical Wks., eye Water Mfrs., Breweries, 
and all other purposes,— EAD & CAMPBELL, Ltd., 
109, Victoria St., 8.W. 1 ad Vascom, London, "). 


“Waterloo "Pie Pixtincteur 


isthe Engineer’s machine. Compressed CO*. Noacids 
Noalkalis. Instantaneous. Automatic le ae Fire 
AppLiances Oo., Ltd., 109, VictoriaSt., London,S,W.1 


(jrittall. rittall. 


CHEMICAL ANALYSIS. 


Physical Tests. 

Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 
ScaLe oF FEES ON APPLICATION. 
THE ORITTALL MANUFACTURING OO., Lrp., 
Brarwrrrer, Hesrx. 


Chief Metallurgist, H.S. PRIMROSE. 


(jrittall. (rittall. 


"Delt Brand ENGIN WRRINGALLOYS. 


"TW DELTA MITAL CO. Ezy." 6968 


BH. Gueenwicn, LONDON, 8.8. 1S, - RK 
CHANTIBRS & ATELIBRS 


ugustin - ormand 























FEED WATER HEATERS 
CALORIFIBES, peVARORA RATORS, | Row’s 
CONDENSERS, HEATERS PaTEenTs, 
STHAM anp AGAS *KETTL 


Merrill's Lng end TWIN StRAL 


Suct 
SYPHONIASTRAM TH: PS, REDUCING VALY RS. 
High-class GUNM STEAM FI ae 


BTAL FITTIN 
ATER SOFTENING and MLTERING. 


Yarrow Patent 


\ \ 7 ater-tube 
6877 


YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the various rte 
of Yarrow Boilers, such as the Steam Drums 
Pockets, and Superheaters for British and Dordos 

the necessary facilities. 
Lrp., ScoTsTouN, GLASGOW. 


aah pat & Co if 


YARROW & © 





oilers. 





___ Bee Full full Page Advt., page 72, Nov, 15. 
Froreings. 
Walter Gomers & Co., Ltd., 


HALESOWEN. 


(Chains (Electrically Welded or 


fing cee eee 8 ana Salley 





Limited, eaten ‘Heke Staite 


['aylor & aR 


Presses. 


TAYLORACHALLEN, Lv., Engi 
See Full Page Advertisement Nov, 15, 





$106 





AM 





ailway 
G witches and 


rossings. 


T. SUMMBRSON & SONS, 
DaR.Linerow. 


as and Oil Engine Repairs. 
—B. J. ¥ aah edhe CO., Great Bastern Road, 
Stratford, B. 1 
tel. : 736 and 737 Stratford. 
Gram.: Rapidising, London, 1104 


ement.—Maxted & Knott, 
alise ee ns Cement Engineers, ADVISE 


LIMITED, 
697: 








LY pro it Schemes FOR 
BNGLAND AND ABROAD. ADVICH “ONLY. 
Highest references. Ketablished 1990. 

Addfess, Burnwerr Avenur, Hui... 

Cablegrams: * Hnergy, Hull.” 6290 


Movom and Engineering 


vom of all description yen oy for 

















JOHN MAONAB, Many Sraeer, Hrps. 
6874 





Tel. No.} 78 Hyde. 


Chief Works and Offices : 
WISHAW, near GLASGOW. 
London Office ; 





3, Vioronia Sraeer, Wesrminsren, 8.W. 























67, rue de Perrey—LE HAVRE S, Paton nd 
=¢ (France). work a+ Baved char, 20 RUSS HE 
ON ADMIRALTY LIST. & AG ng ueen’s Wharf, Hammersmith. 
—_ Destuyes, Seueee Boats, Yachts and Fast Beate. NEW PATEN Dy Spa Rossen Russert, Ltd., 
h K . k ld Lt d e and Submersible Boats, iadeaaaitetatainine f artic! 
J ° n 1rKka y; +» | NORMAND’S Patent Water-tube Boilers, Coal or Oil | a+ present made abroad, and will be pleased to hear 
London Office: 101, LzapENHALt 8r., B.O. 3. Heating. Diesel O11 Engines. from firms desiring such work exec 9211 
Works: Buns? Mut, near Hantow, Bases. Builders of | ocomotives,| J) ailway Petroleum Hand 
Plants. HEAVY and LIGHT, SIGNALLING LAMP. Patent. Cbenpest 
Habgerating and To lee Machinery. All Gauges and Types onstration.— Particulars and 
Hieence to ouhed. "D. ROBINSON, Olivier ee 
oe eee Address : my 2 PORTE 00 
Freas Water Distillers. ork. 8. HOBMterY Place, New York ke Hig h-class Castings in 
Main Feed = San es -meta’ glee hor and Man ones 
Combined Oweulating and Air Pumps 3, London Wall Bldgs., England. hite Metal and other Alloys up to , 
Surface Cable Address—StTaPELy, New York. 6560 “ 
Auxiliary ‘ ones New Catalogue 12 A mailed'on ; nJORN CLIFFH Sirmingham Genera Founder, 
New Chicago Automatics, R Y. Pickering & Co., Ltd., (jentrif ugals. 
. (BsTaBLISHED 1864.) —— 
Three Sizes, Delivery from Stock. BUILDERS of RAILWAY CARRIAGES & WAGONS. ott. Is & ill . 
NEW CAPSTANS, 13 in, through the wire toca. AK MES of WAM ot mS of oil Kinds. P (88 ° W ‘ 


MOTHERWBLL, SCOTLAND. 


1008 
” See half-page Advertisement page 56, Nov. 1. 
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ENGINEERING. 








~ [Nov. 22, 1918. 








[the Manchester Steam Users’ 


ASSOCIATIO: 
For the Prevention of Steam Boiler Explosions and 
for the Attainment ef Boonomy in the Applicatien 
of Steam. 9, Mourt Srager, MaNcHESTER. 
Chiet : O. B. STROMBYER, M.1.0.8, 
Founded 1864 by Sir WiLLiaM FPatrparen. 

Certificates of Safetyissued under the Factory and 
bey gee Act, 1901. Cem for Damages 
and Liabilities paid im case of Explosions. Eogines 
and Beilers inspected during constructien. 4661 


NATIONAL FOREMEN'S ASSOCIATLION. 


[the First Annual Delegate 


MERTING of above will be held at the 





Imperial Hotel, Russell Square, W.0.%, on 
SATURDAY and SuNDay, DecemMBeR 7th and 8th. 
Commencing Saturday at Two p.m. 

All communications should be addressed to the 
SECRETARY, 81, High Holborn, W.C,1. O 667 


UNIVERSITY OF BRISTOL. 
DEMOBILISATION. 


Special Regulations have been 
made to allow intending students who have 
served in the war or in the scientific service of the 
war to be admitted to matriculation by vote of 
Senate on their educational qualifications, without 
formal examination; and also to allow of such 
atudents entering the Datvarsity on January if 
candidates in Arts ; in January, or between January 
and May, if candidates in Sci , Medicine, Dental 
Surgery or Engineering ; and if grounds be shown, 
counting their first year’s attendance as though it 








nders are Invited for the 

PURCHASE asa coneern of. the well- 
established ‘business of ANCHOR CHAIN CO., 
Oldham, manufacturers of all kinds of textile 
chains, motor chains, stampings, and steel 
work generally. Tenders to be sent in not later 
than ber 2nd,—Full particulars, with card to 
view, may be obtained from Messrs, HARRY L. 
PRICE & OO., Accountants, 15, Fountain Street, 
Manchester. oO 


GREAT NORTHERN RAILWAY COMPANY 
(IRELAND), 





TO STEBLWORK CONTRACTORS. 
The Directors are prepared to receive 


[renders for the Supply .of 


STEEL ROOF PRINCIPALS, STANCHIONS 
AND JOISTS 


for Wagon Repair Shops, Belfast. 

Drawings, Specification, Quantities and Form of 
Tender may be inspected at the Bngineer’s Offices 
at Dublin and Belfast, and copies of the same can 
be obtained from the undersigned on payment of 
One Guinea, which will be refunded on receipt of a 
bona fide tender and the return of the Drawings. 

Tenders made out on the Forms to be supplied by 
the Company should be delivered, under sealed 
cover, endorsed ** Tender for Koof Principals, &c., 
Belfast,” to the undersigned not later than 10 a.m. 
on Monday, the 9th December, 1918. 

The Directors do not bind themselves to accept 
the lowest or any tender. 

T. MORRISON, Secretary. 





had commenced in October. Engineerin 
in special cases may be allowed to count one whole 


year's attendance. 
Applications to the REGISTRAR. O 722 


nst.C.E., I. Mech. E., B.Sc., 


and all Engineering Examinations.—Mr. G. P. 
KNOWLES, B.Sc., Assoc. M. Inst. C.H., F.8.1., 
M.R.San.1,, PREPARES CANDIDATES personally 
or by correspondence. Hundreds of successes, 
Courses may commence at any time.—39, Victoria 
8t., Westminster, 8.W. 7096 


Eiagineering Special Classes. 
Marine & Aero-Engines, Alternating Currents, 
Wire ess Course, Ferro-Concre Refri tion, 
Pract. Maths. and Caleulus.—PENNINGTUNS, 
University Tutors, 254, Oxford Rd., Manchester. 











TENDERS. 
SALVAGE OF CARGO OF 5.8. “ HONITON.” 


THE PORT OF LONDON AUTHORITY 
are prepared to receive 


nders for the Purchase and 
removal of the CARGO of GRAIN from the 
8.8. “ Honiton,” which lies sunk in the River 
Thames below Seuthend. Full | particulars and 


conditions may be d on application, 
ENGINKER, Port or Loypon 


to the CHIEF 
Avuruority, 109, Leadenhall Street, London, 
B.O, 3. O 675 


TO BRB SOLD BY TENDKR.—A Pros 8 
ENGINKHERING CONCERN in the West 
of England. 


Mesers. FULLER, HORSBY, SONS, & CASSBLL 
are instructed by the Proprietors, who are retiring 
from business, to invite ‘ 


[readers for the Purchase, in 
one lot, asa pase consers, of the 
BUSINESS and ASSETS 
tennant, book debts) of an old established 
NGINBERING WORKS and FOUNDRY 
in an important town in the West of England. The 
perty is freehvld, with substantial buildings 


ereon, ones with 
MODE PLANT and MACHINERY, 
= = Stock, Stores, and Work in progress; as 
also the 
GOODWILL OF THE BUSINESS, 

together with the valuable collection of patterns 
and drawings will be included in the purch 

Tenders must be in the form contained in the 
particulars of sale, and should be delivered under 
seal at the offices of Messrs. Fuller, Horsey, aud Co., 
not later than Four p.m. on 

TUKSDAY, December 10th, 1918. 

Particulars, with plans and conditions of sale, are 

in course of preparation, and when ready may be 


Ce OLLNR, HOKSEY QONS, & CASSEL 














FOLLER, 





11, Billiter Square, 
jon, 
KIDDERMINSTER. 


Concern, the BUSINESS and ASSETS (exce 
Book De am of Messrs. PRUNELL, LAMB & CO., 
Road Traction and Agricultural Engineers and 
Machine Makers. 


Messrs. FOLLER, HORSBY, SONS & C ASSELL 
~ instructed by the Proprietor, who is reviring, to 
invite 


[lenders for the Purchase; in 


one lot, of the 
FREBHOLD EBNGINBBRING WORKS, 
situate in the main thoroughfare, known as Station 
Rill, Kidderminster, lesa substantial Buildings 


ereon, sy"seet wit! 
MODERN FIX&D PLANT and MACHINERY. 
The whole of the Stock, Stores, Work in Pro 
Loose Piant, Tools, Utensils and Patterns, and also 


the 
GOODWILL OF THE OLD-ESTABLISHED 
BUSINESS, 


will be included In the there being no 
obligation on the buyer anything at a 
valuation. 

Tenders, which must be on the form contained 


TO BB SOLD BY TENDER, as a Current Cone 


purchase, 
to take 


the Auctioneers’ by Four p.m. on 
THURSDAY, December Sth, 1918. 
The Works may be viewea uy orters only, to be 
obtained of the lars with 
jons of of H. G. IVBN 
Solicitor, High St K or of 8. 
ORSBY & CO., 
M Valuers, 


= Superintendent 


"y's Office, 
Amiens Street Station, 
DUBLIN, 18th November, 1918. 


APPOINTMENTS OPEN. 
WOOLWICH POLYTECHNIO, 
SPECIAL EVENING LECTURBS. 


Aplications Invited from 


LECTURERS qualified to give either single 
lectures or 8 1 short courses on such matters as 
Aeronautics, New [udustrial Alloys, Ferro Concrete 
Construction, Town Planning and Sanitation.— 
Apply, PRINCIPAL. 0614 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY. 


Wanted at Once, a Demon- 


STRATOR in the Department of Mathe- 
matics and Mechanics of the Royal College of 
Science. Une with drawing office and workshop 
experience preferred. 

alary £175, together with the war bonus in force 
for the time py 2 

Apply in the first instance to Prof. FORSYTH, 

F R.8., Royal College of Science, South a 


~~ KENT EDUCATION COMMITTEE. 
JUNIOR TECHNICAL SCHOOL, MAIDSTONE. 


Reauired immediately, chiefly 

for or, work in the Junior Technical School, 

an ASSISTANT MASTER or MISTRESS qualified 

in science and mathematics. Initial salary, 

woman £200; man, with engineering ence 

qualifications, £26. 

Apply immediately to PRINCIPAL, Technical 
Institute, Maidstone. 

BK. SALTER DAVIES, 

Director 


of Rducation, 
Sevtember, 1918. O 483 
THE BLSCTRICAL RESBARCH OCOMMITIER. 


APPOINTMENT OF TECHNICAL OFFICER. 


he Committee (which is 


supported by the Research partment, the 
Institution of Blectrical Kngineers and the British 
Blectrical and Allied Manufacturers’ Association) 
RHQUIRES the services of a gentleman of 
high escieutific and technical attai ts as 
TKCHNICAL OFFICER to direct and supervise, 
under the Committee, the research work under- 
taken by it. The commencing salary will be £1000 
rannum. Applications (marked on the envelope 
‘Technical O r”), stating age, qualifications, 
experience and other particulars, and addressed, 
The CHAIRMAN, THe KE.ecrrica, Reskarce 
Com™iTTEE, 1. Albemarle Street, W. 1, should be 
delivered at that address not later than Friday, 
6th December. © 669 


Required by 
pe pereting London engineering myers to 

trot tool room, muchine and fitting shops. Must 
be capable, practical man, acquainted with latest 
methods and out for quality aud preduction at low 
cost; also guod organiser and strict disciplinarian. 
—Fullest particulars of experience, age, and salary 
required, to BOX 18v, W. H. Smirn & Son, Kingsway. 
London, W.C. 2. O 601 


anted, for the Saw Mill 


Dept. of Kngineering Works, an experienced 
SUPRLINTENDEAT, thorwughly conversaat with 
che seeaeets he 


y of completed inter- 


O 723 


























changeable te for assembly.—Address, stati: 
Foe Gualifieations and salary, U 696, Offices o 
@LN KERING, 


Wks Manager, with up-to- 

date suuenenes in mass production of 
small parts, WANTED fora Firm in the Midlands 
employing 600 hands. — Address, in confidence, 
ae and salary required, O 700, 


orks Manager Wanted for 
up-to-date Steel Fou . Must be first 

class organizer, with ex know % in ada 
moulding e plates for repetition 
work, One conversant with electric furnaces and 
a ie 


Rerionce: fullest paridouars and malay Feared. 











Railway Wheel and Axle E 


Works,— MANAGBR WANTED, qualified 
Ere ene aa ee 





Sener 





ul 
596 Lassuware & Simmoss, 5, Birchin Lane, B.C. = 


uired for Small 
Kong, which is 
licants must tee 
ng out of modern 
b electric and 
suitable 
ered. — Apply, 


re- 
BUX 159, care of 


anager 
pester nopinee 
en ; 3 
eee 
open hearth furnaces. Applications from 
statin 


i 








W anted, Accountant to Take 


Entire Charge of e 
costs and nec staff in 
about 30 miles from London. First-class man with 
similar previous experience wanted.— Address, O 658, 
Offices of ENGINERRING. 


echnical Editor, Well-quali- 
fied, experienced man réquired by firm of 
ene for their technical book department,— 
pply, with full particulars to BUX No. 563, F. H. 
ay Ltd., Temple Chambers, Temple ae, 


EB 
Qhief Cost Clerk Wanted 


immediately, to take charge of ena 
in large firm of Engineers and Found tical 
experience of cost account keeping essential. Good 











op unities for right man.— 1ddress, stating age, 
full details of e jen: references and salary 
required, O 608, ces of BNGINEERING. 





fice Staff Vacancies Occur 
For Index, Invoice, ueeng, Ae and 
Junior CLERKS in an Aeroplane y. London 
District. Preference shown to discharged soldiers 
and sailors. No one already on Government work 
or resident more than 10 milesaway will be engaged. 
—Reply stating age, full particu of experience 
and salary required to 0 480, Orrices of Enai- 
NEERING. 


Naval Arcuitect Wanted for 


design of Reinforced Concrete Cargo Boats. 
No concrete specialist knowledge required. 
Opening for capable man well up in fittings. 
machinery and lay out. No person at present. engaged 
on Government work need i Org ith 
full ag to your nearest EMP ENT 
EXCHANGK, quoting O 374 and this Journal 





a rigid physical examination and give 


Superintendent to take Com- 

ete Charge of Erection and Upeiation « 

Wood . Charcoal bye-preduct Plant pa 15 = 
Charcoal Blast Fuinace, shortly to be erecte: jn 
India. Must be capable of training and handling 
both high and low class native labour ay 
Location, high plateau, with mii 
weather, near one of India’s most famous European 
resorts. Must sign contract for three years, yas: 
Satisfactory; 
character refereuces. Man under 40 preferred — 
Write, giving previous experience, names 0/ 
character (prefer business men) and ability 
references; age, married or single, children (ag: 
and sexes), photograph if px ssible, physica! 
defects, salary exp cted, &c,, to Z.H., 85, care 
— Advertising Offices, Leadenhall Street. 
.C. 3. Ti2 
Firm of Engineers with 
Head Office in London REQUIRES the 
Services of a Mechanical Engineer, aged between 20 
and 40,to deal with design and construction of al! 
Plant connected with Portatle Railways and 
Branch lines. Previous experience and commercia! 





knowledge essential.—Apply with full details 
stating ou required to Box 6, care of Daw nerd 
121, Cannon St: ; 


reet, Londen, E.C. 4. 0 708 





large Manufacturing Com- 


n REQUIRE immediately THREE 
ENGINEERS to be responsible darian, an 8hour 
watch for the efficient operation and maintenance 
of their Boiler Houses. Only men with first class 
——— with —— . w yo boilers and chain 

rate stokers n ply. mmenci salary 
per annum. aan, O 712, Olfices of 
ENGINEERING. 


Wanted, a Good Shipyard 


Cost CLERK to assist Ketimator.—Address, 
stating age, experience and salary expected, O 72s, 
Offices of ENGINEERING. 


[wo Construction Engineers 
IMMEDIATELY, capable of efficiently hand- 
ling native engineers and labour on erection of 
large steel works in the tropics. Large modern, 
sanitary, ‘healthy Burojean and native town. 
Must sign contract for three years, pass rigid 
physical examination, and give satisfactory charac- 











urchasing Assistant Re- 

QUIRED, must have had general engineering 

training and some commercial experience. Suitable 

position for partially disabled man.—Apply. stating 

salary, and sending full particulars and testimonials, 

4 RUWNTREE & CO., Lrp., Engineering or 
° 61 





anted Assistant for Esti- 


MATING Department, with experience in 
high speed engines, compressers and marine auxil- 
faries preferred. ohpoly giving full particulars of 
experience, age salary expected to BSTIMAT- 
ING, Messrs. Perrr BroTHERHOOoD, Ltd., Peter- 
borough. O 654 


bh 

urveyor-Engineer Wanted 

for new plantation in Gold Coast Colony. 
Accuracy with theodolite on large areas and know- 
ledge building construction essential. Free quarters. 
Applicants must state clearly salary required, full 
experi-nee, age, and give copies references.—Write, 
G “gy care of Street's, 30, Cernhill, ia, 





B.C. 3. 
Reg uired the Services of 
ORKS ENGINEER to take entire charge 
under the Managing Director of Shop Equipment, 
Installation of New Machinery, New Buildings, in 
Engineering works in the Mid ands. Applications 
will only be considered from gentlemen oem, a 
wide knowledge of the most modern machinery for 
the production of heavy plant.—Addrese, (giving 
references only, no testimonials), stating age, 
experience, fullest particulars and salary requ —_ 
iress, () 692, Offices of ENGINEENING. 


Wanted, Mechanical Engineer 
(good personality) to solicit orders for 
8 al machines for steel works, shipyards, &c. 
ood nampa 49 Firm ¢ to make other 
specialities.—Ad-iress, | +606, Oftices of ENGINFERTNG. 


K3gizeer, with first-class 
Mechanical and Blectrical training WANTED 
FOR BSTIMATING AND CONTRACTS by oa 
Electrical Manufacturing Co. in Midlands. 0 
person already on Government work will be 
engaged.— Apply, giving experience, salary required 
and when can commence, to your nearest EM- 
PLOYMENT BXCHANGE, quoting No. — wy 
ag oung Engineer, with Tech- 

nical training, REQUIRED, to assist in 
Factory Research work.— Apply. stating sa and 


sending full particularsand testimon’ to ROWN- 
TREK & CO., Lrv., Engineering Dept., York. O 619 


anted. — Head Engineer, 

large gy ty ne in EDIN- 

BURGH . Must have factory repair and 

uRkese. experience, and used to handling men. To 

e full charge of all machinery. ex 00 per 

year.—Address, stating experience, O , Offices 
of ENGINEERING. 


Fritst-class Motor Engineer 


REQUIRED to | es the design and 























ancien Gone Address, The SECRETARY, 
commencing — . 
— Paterson & Co., Ltd., Goswell Road. 
1. 





irst-class Man Required to 


take entire ch: of Designs in ec- 
tion with Iron and works plant, Rolling Mills 
&c.— Address, 0720, Offices of ENGINEERING, 





ngineer Required by 
engineering firm, must bave in 
Tchtaery and crashing : 


cement mak 
confidence, stating fully 
to 





sie sa ot 





ter ref Preference will be given to young 

soldiers, discharged for wounds which will not 

seriously interfere with their duties in this line of 

work.— Write for interview, statin, vious ex- 
Bude 


ence, age, married or single. c m, &c., to 
- G. 84, care Dracon’s Advertising Offices, 
Leadenhall Street, B.C. 3. O77 





W anted at Once, Experienced 


WORKS MANAGER for old-established 
malleable Iron Foundry employing 60 to.70 work- 
people.—Write, giving full particulars, to O 613, 
Offices of EN@LNEr RING. 


Wanted, Experienced Jig and 


TOOL DESIGNERS, for large Klectrical 
Works in the Midlands. Knowledge of press tools 
anadvantage. Gco salaryand permanency to really 
capable men.— Address, stating age, experience and 
Me ms required, O 638, Offices of KNGINEERING. 








anted, for Engineering 

Works, by an old-established firm, an up- 

to-date RATE FIXER who has had good experience 

with well-known firms. — Address, stating ex- 

pestones. age and salary required, O 582, Offices of 
NGINEERING. 





MINISTRY OF MUNITIONS, 
DEPARTMENT OF MECHANICAL TRANS- 
PORT. 


echanical Draughts- 

MAN REQUIRED with a sound 
practical knowledge of engine, chassis 
and gear box design for cars, lorries and cater- 
pillar tractors—petro! and steam driven. 

Apply, givin tails of experience, stating age, 
salary req and forwarding copies of recent 
testimonials, to the 


DIRECTOR OF MECHANICAL TRANSPORT, 
1, Grosvenor Place, 







8.W. 1. O 481 
No one on Government work will be engeged. 


p= ghtsman, for Designing 
combination and deep drawing tools for press 
work, WANTKD, in Witton District.—Address, 
giving full particulars, O 607, Offices of ENGINEERING. 








raughtsmen Wanted.— 


High-Class Firm of Automobile Manufacturer 
HAVE VACANCIES FOR 

SENIOR AND JUNIOR DRAUGHTSMBN 
with experience in Engine and Chassis Design 
preferred. 

Any person already employed on Governmen! 
work will not be engaged. 

Address, O 604, Offices of ENGINEERING. 





anted, a Draughtsman, 
accustomed to oak ae ne — = 
mn wr . 
Srebiiy HaiLwhy COMPANY,  Kuginee: 
Office, Cardiff. 


ineer's 
oO 610 


anted (for Midland Factory 
engineers’ small 
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THE WHIRLING SPEED OF SHAFTS 
SUPPORTED IN THREE BEARINGS. 
By Arraur Mor.ey. 

Szction 1. Introduction—When the rotary 
inertia of a shaft and its loads are negligible it is 
well known that the calculation of the whirling 
speed corresponds exactly to that of the frequency 
of transverse vibrations, and when the rotary 
inertia is known but small, a simple correction 
can be made to allow for it. 

Such calculations have been made the subject 
of papers by Greenhill,* Dunkerley,t Chree,} and 
others.§ 

For relatively light shafts carrying heavy loads 
which control the critical speed, it is usual to 
assume the form of the deflection curve of the axis 
of the shaft during whirling or vibration, giving an 
ordinate of the curve an arbitrary magnitude. 
From such an assumption it is possible to write 
an equation of the strain energy of the shaft in its 
most deflected position, to the kinetic energy of the 
vibrating shaft in passing through its mean or 
undeflected position, or to the increase of kinetic 
energy of the rotating shaft due to its deflection 
during whirling. 

It is usual further to assume as a deflection curve, 
under the action of the centrifugal force of the 
loads (or the inertia of the loads in transverse 
vibration) the form corresponding to the deflection 
of the shaft from a horizontal position under the 
action of gravitation upon the loads. In the case 
of shafts continuous through three or more bearings 
which divide the shafts into two or more spans, it 
it usual to assume such a curve as would be pro- 
duced by hypothetical gravitational forces pro- 
portional to the loads and perpendicular to the 
axis of the shafts, but oppositely directed in 
successive spans. 

The justification for such assumptions, as the 
basis of calculation, is the principle used by 
Rayleigh,{] that the frequencies so calculated are 
not greatly affected by considerable differences in 
the assumed form of deflection. Nevertheless the 
accuracy of the calculation is to‘some extent 
affected by the validity of the assumed form of 
deflection. And for all forms other than the true 
one the result of the calculation of speed or frequency 
will be above the true value. 

In the case of a shaft simply supported at its 
two ends, the form taken by the axis under (e.g., 
gravitational) forces, simply proportional to the 
masses of the loads, does not greatly differ from 
the form taken under the centrifugal forces, which 
are actually proportional not only to the mass of 
the loads but to the (deflected) distance of their 
centres of mass from the axis of rotation. 

It is possible in any case to obtain successive 
approximations to the true critical speed, the great 
part of the gap between the first approximation 
and the true or limiting value being bridged at: the 
second approximation. In the case of the shaft 
simply supported at its ends the correction of the 
first approximation is generally exceedingly small 
(say, less than 0-1 per cent.) for the reason just 
stated, that the true and assumed forms of deflection 
do not greatly differ. But it is not safe to suppose 
that the same is true in other circumstances. 

It is proposed to show that in the case of a shaft 
supported in three bearings the correction to be 
made is much greater; also that, ¢.g., Dunkerley’s 
well-known empirical rule for calculating the 
frequency or whirling speed of a shaft carrying 
more than one load is considerably in error when 
applied to such cases. 

Where the calculation of whirling speed is of 
practical importance, as in turbo-alternators and 
turbo-blowers, it is usual to find that the shaft is 
not of constant diameter, but varies considerably 
and generally discontinuously or almost so. 
Algebraic expressions for deflection such as were 
used by Dunkerley and Chree then become very 
cumbersome, if not impossible, and it is necessary 

. Sg ee ME. 1883. 

} Phir pane Sea. See. 1894. Vol. A. 


Mag. 
§ The writer, Encmreznine, July 30 and A 
1909. Kerr, Encrvzgzrine, February“and March, 
Webb, Excuvzzrme, November 2, 9, and 16, 1917. 
“Theory of Sound,” vol. |, Arts. 182, 183, &c. 





1916. 


to resort to graphical or tabular methods of calou- 
lation. But for the purpose of illustrating the 
calculation of whirling speeds by successive approxi- 
mation and comparisons with other approximate 
methods of calculation, simple cases susceptible to 
algebraic treatment will also be convenient. 

Srcrion 2. General Notation.— 

E = Young’s modulus for the material of the shaft. 
I = moment of inertia of the area of section of the 
shaft = d‘/ 64. 
1 = length of the shaft. 
y = amplitude of vibration or whirl at a distance z 
ng the shaft from the origin. 
w = angular velocity of the shaft = 27 = 7 N/30. 
where 
N = revolutions per minute. 
n = revolution per second. 

Srcrion 3. The Calculation from the Equation 
of Energy.—If the shaft has a number of loads such 
as W,, W,, W,—including, if appreciable, the shaft 
itself, each producing centrifugal forces P,, P,, Ps— 
&c., respectively, then equating the kinetic energy 
to the strain energy, both resulting from the 
deflection, during whirling of arbitrary magnitude 


$= a ast + We we? +Wsye+ -. - | 
= > (Pig + Poye + Pays + : a 


atten. ¢ 

“ = (Wy) Ym 
This is true whatever the form of y, for if we write 
P, = W,e*y,/g, &c., the equation becomes an 
identity, if y is the actual deflection. But for an 
arbitrarily assumed form y’ of y it will in general 


Fig /. 
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be an approximation justified by Rayleigh’s 
principle. If it is assumed that y has the values y/ 
proportional to those produced by gravitation on a 
horizontal shaft, the equation becomes, 

w? = g = (Wy')/Z (Wy?) =g/ym. ~- (2) 
where 9m = = (Wy”)/=(Wy’), a “mean value” 
of the deflections y’, and is a first approximation 
to the value y» in equation (1), and o’ is a first 
approximation to the value o. 

Loads distributed at a rate w per unit length of 
shaft may, if appreciable, be dealt with by including 
fwy dz and fwy"dz in 3 (Wy’) ands (Wy”) 
respectively. 

Szorion 4. The Method of Successive Approzi- 
mation.—Stodola (“‘The Steam Turbine,” second 
edition, Article 48) has described a method of 
successive approximation which consists in assuming 
a form y’ of deflection and a value of w, say w’, 
calculating the centrifugal forces P, and from these 
deducing the form (y’’) of a second deflection curve, 
the ordinates of which give a value of the critical 


speed, viz. : 
w= wf y/y". 


Unless the value o” is the same at every point 
in the shaft the process must be repeated until no 
further change in the form of deflection curve 
appears and the approximations to » are the same 
throughout the length of the shaft. Lasche 
(“‘ Marine Steam Turbines ”’) describes a practically 
identical method. 

These methods involve an examination of the 
successive results for all values of z, or for a shaft 
of negligible mass, at every load. 

The method about to be described gives directly 
successive approximations to » and their nearness 
to the true limiting value may be judged by the 
rapidly diminishing differences. The approach is 
very rapid and the calculation of » being based 
on an average value throughout the curve, successive 
differences are unimportant compared with in- 
dividual differences in form which show themselves 
at some selected (loaded) points of the shaft. 

A correction of the approximation represented 
by equation (2) may be obtained by substituting 
for the gravitational loads W, the centrifugal forces 
exerted by these loads when rotating at the angular 
velocity ’, and their centres of gravity deflected 





by the amounts y’, and calculating the deflections 


y’”’, 80 produced. Thusa load W,, producesa centri- 
fugal force : 

Mi wy ae - with =Wiesay ,.(3) 
and under such a system of loads its corrected 
deflection is y,”. Using the values from such a 
corrected deflection curve, equation (2) becomes : 

wt? = g=(W'y”) _ o . 
Tiwy ym 
which gives a second approximation w” to the true 
value w. If this value differs too much from the 
first approximation ’ given by equation (2), 
it may be corrected by again repeating the process, 
but it is doubtful whether this will ever be necessary. 

Srcrion 5. Application to Various Forms of 
Support.—From equation (3) it is evident that for 
a system of loads the centres of gravity of which 
are equally deflected, W’ = W and consequently 
y”’ = y’ and equation (4) gives a value of o” exactly 
equal to w’ from equation (2), and successive 
results will all be alike and correct whatever the 
form of support of the shaft. 

(a) Freely Supported Ends.—If the shaft is simply 
supported by bearings at its ends, the actual form 
of deflection under the action of the centrifugal 
force of the loads, as previously stated, differs but 
little, or any distribution of loads, from that under 
the gravitational forces of the same loads. For 
example, in the case of a uniformly distributed load 
such as the weight of the shaft itself (say, w per 
unit length), the known critical speed is given by : 

w = rig EI/wk = 97.41 gEI/wh . - (6) 
while the first approximation by the formula (2) is, 

_ 3,024 . gEI gEI 

“wo * on | ae 
showing an excess in w’ over w of only 0-07 per 
cent. The distribution of the centrifugal forces 
(proportional to deflection) actually differs widely 
from that of the uniform load of gravity, but the 
form of deflection differs little ; it is to be remem- 
bered that the form of deflection under even a load 
all concentrated midway between the supports does 
not differ greatly from that under a uniformly 
distributed load. The former is 

y = ye{3a/l — 4(x/l)5} . 
and the latter is 

Y = Yo 16/5{(x/))* — 2(@/lh + w/t}. . (8) 
while for the centrifugal load of a uniform shaft the 
form is 


= 97.55 


- (2) 


y = yc sin (2/)) - @) 
Similarly the error involved in the approximation (2) 
is always exceedingly small for any system of loads 
if the shaft is simply supported at its ends. 

(b) Shaft Freely Supported at its Ends and at an 
Intermediate Point.—In this case the fundamental 
or lowest critical speed is evidently reached when 
the shaft bends into deflection loops oppositely 
directed in the two spans into which the shaft is 
divided by the intermediate bearing. 

If the two spans are unequal in length the 
deflections in the longer span will generally be on 
the average larger than in the small span and the 
centrifugal forces will differ from the assumed 
gravitational forces by being generally relatively 
larger in the longer span and relatively smaller in 
the shorter span. This distribution of load as 
compared to the hypothetical gravitational loading 
corresponds to an increase of deflections in the 
large span and a decrease of deflections in the small 
span, and this in turn corresponds to a smaller 
amount of strain energy compared to the kinetic 
energy, and therefore to a lower value of w the 
critical speed. Hence formula (2) gives somewhat 
too high a value, and the value (4) shows a 
diminution. 

For the purpose of illustration a round shaft A B 
(Fig. 1), of constant diameter, will be chosen, the 
length J being divided at a support C into two parts, 
a l and (1 —a)l, in the ratio a/(l— a) one to 
the other, and carrying two equal loads W, one in 
the centre of each span at D and E. Assuming 
(gravitational) forces of W at D and — W at E, 


the simple theory of flexure gives 
' (10) 
to W at D) to — W at 





(Due to W at D) (Due to W at E 
y'v = k 02/128 {(16 —9a) a + 9(1 — a2} 
= k (a2/128) (9 — 2 a) 
(Due (Due E 
yx = k(1 — ah/28{— 9 a2 — (1 — a) (7 + 9a)} > (11) 
= (b(1 — a)*/128). (7 + 2a) st 
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where k = WE/6E1. Substitution of these values| the three bearing support by the results of the 
im equation (2) gives the value of ’, the first| preceding section. If , is the critical speed when 


approximation to @. 


But to avoid algebraic| the shaft carries only the load W at D and a, 


complexity in proceeding to a second approximation | that when it carries only the load W at E: 


@ numerical case will be considered, viz., a = 2/3, 
or spans in the ratio of 2 to 1. 
5 


(tz). ¥ and 


(3469.A) 


Substituting in (10) and (11) the deflections are : 

















yy ...| Due to W at D. | Dueto— WatE.| Total. 
By'o ... 30k 45k 345k 
Ay. . — 45k — 4.875 k —9.375 k 
Hence from equation (2) : 
no, 1G 4549375 _ Og, 1 

w= “b Mery Ose “& 28 

29.128 k (ila) 

or vm = “ 
64 


Proceeding to a second approximation, the approxi- 
mate centrifugal forces are by (3) : 


34.5 
t D, W.= WW. = 118 W . 
° r 3.1% ~ an) 
9.376 
t KE, W,.= — ——— — 0, - @ 
a x Ww 7 0.3218 W . (lilo) 


bo eg deflections produced by these loads 


@ y” = (30 x 1.184) k + (4.5 x 0.3218) k = 36.97k 
Giy” = — (4.5 x 1.184) & — (4.875 x 0.8218)k = —6.90k 





Hence from equation (4) : 
th on } (36.97 x 1.184) + (6.90 x 0.3218) _ 64.9, 1 
0 ES CO i sore 
Dividing (11a) by (13), 
es CE os ep 
& VY 30761 VY T0656 ~ 1.038 _ 
i¢., @” is about 2-8 per cent. lower than o’. 
Repeating the process gives : 
Wes = (36.97, 30.76)W = 1.202W . + (15) 
Wy = —6.90/30.76)W = —0.2243W. (16) 


64.yy = (30 x 1.202) k + (4.5 x 0.2243) k = 37.078 
yt = — (4.5 x 1.202)k — (4.875 x 0.2243) k = 6.503 & 


— Og (37.07 x 1.202) + (6.50 0.2243) _649 1 
dics (37.07) + (6.50) ans 30782”) 
1 


a | ey a wee 
7 N wore Toor =: 1.00088 
or @”’ is only 0-035 per cents lower than #” and 
subsequent corrections are ne; The second 
So substantially equal to the limit o. 
computations have been made for other 
ratios of the lengths of the two spans into which the 
shaft is divided by the bearing at ©. The results 
are set forth in Table L 
For all ratios of the two spans @’ is too high, 
but the excess is not great and never amounts to 


3 percent. The values of (3)* are shown in Fig. 2 
and also in Fig. 3. 
Sucrion 6. 





+ (18) 


4 
kerley’s well-known empirical rule may be tested for 





Empirical Rule.—Dun-| 


wy? = 128 g/k a5 (16 — 9 a) 
wg? = 128 9/k (1 — a)3 (7 + 2a) 


. (19) 
. (20) 


(i). ana (355) 


%§463.C) 


Or taking again the value = 2/3, i.e., a ratio of spans 
of 2tol: 
2 == 64.9/80k wot = 64.9/4.875k 
And according to Dunkerley’s rule, if @, is the 
critical speed for a shaft with both loads : 
And: 

Vag? = 1/2 + 1/we? or wo? = 64 g/34.875 BE. (21) 

And (w”/wo)? = 34.875/30.761 = 1.134 - (22) 

The corresponding factors by which , must be 
multiplied to give #”’ for various ratios of the spans, 
are given in Table II and are plotted in Figs. 2 
and 3. It is evident that for this loading unless the 
spans are very unequal, Dunkerley’s rule for this 
type of support needs considerable correction. 


Taste I.—(For Two Equal Central Loads). 



























































m| @{@ | 6 | @ | @ 
Ratio of , P 
Spans | _ ¥> | a2 x WH) vex wis (= 2 
™ e yr gEI El wo” 24 
l-a 
1/2; 1-0 1-0 384-0 884-0 1-0 1-0 
5/9 | 1°25 | 1-520 364-8 350-0 1-015 1-007 
4/7| 1:3 1-716 354-0 842-2 1-029 1-014 
3/5 | 1°5 2-140 329-3 314-0 1-048 1-024 
6/8 | 1°6 2-610 305-8 289-8 1-055 1-027 
° 1:7 2-944 292-0 275-9 1-058 1-029 
2/8 | 2-0 3-680 266-9 252-8 1-056 1-028 
3/4} 3:0 7-94 201-7 195-6 1-0305 | 1-015 
4/5| 4:0 |13-76 173-0 170-5 1-0144 | 1-007 
1 @ . 109-7 109-7 1-000 1-000 
Taste II.—(For Two Equal Central Loads). 
(1) (2) (3) (4) 
a w’ \2 y> w” \2 
7 l—-a (=) nn "m ( — 
1/2 1-0 1-000 1+4375 
5/9 1-25 1-138 1-373 
oes 1-3 1-149 1°334 
3/5 . 1°5 1-1475 1-248 
5/8 1-6 1-148 1-208 
0- ° 1-7 1-136 1-179 
2j3 . 2-0 1-122 1-134 
3/4. 3-0 1-076 1-047 
4/5 4-0 1-05 1-0252 
I 2 1-000 1-000 














Sxction 7. Baumann’s Method.—Baumann* has 


suggested that for practical cases the equation for 
@ being of the form 


w! == (9/y) X constant . . (23) 


the critical speed may be found approximately for 
practical purposes by writing, say, 
we, = + (9/y'max.) + (2) 


where 9’,..:. is the maximum deflection under the 
hypothetical gravitational forces and y is a 
coefficient which it is suggested does not in practical 





Developments in Steam Turbine Practice.” 
Inst. E.E., 1912, Part 213, vol. xlviii. 


Recent 
Journal Proo. 





cases of turbo-electric machinery differ greatly from 
1-07 or 1-08 

For the loading chosen to illustrate Sections 
4, 5 and 6, it may be interesting to note how this 
coefficient + varies, for y,,,.. is equal to yp, so that : 

(w/w)? = yo'/y"m - (25) 

These ratios are given in Column 3 of Table IT, and 
are shown plotted on Fig. 2. All the ratios shown 





in Fig. 2 are also plotted in Fig. 3 with the ratios 





Ratio- »'%y, 


of the (gravitational) deflections of the two loads 
as abscisse, this being probably a better basis for 
correction of other practical examples of loaded 
shafts. 

(To be continued.) 





STATE ELECTRICITY, ELECTRICITY 
SUPPLY COMBINES, &c. 
(Concluded from page 549.) 

In the southern part of Sweden the State owns 
water power which, after regulation of the rivers 
and lakes concerned, and with the water power 
practically exploited to the full, amounts to— 

K.w.h. per Annum. 
1,200,000,000 in the Géta River. 
300,000,000 in the Dala River. 
100,000,000 in the Motala River. 


20,000,000 in the Idslean. 
100,000,000 in the Lagan. 


1,720,000,000 k.w.h. per annum. 

The above total comprises the water power 
acquired for the electrification of the State railways. 
For the current year the aggregate load for the part 
of the country in question will probably amount to 
720,000,000 k.w.h., or about 40 per cent. of the 
available r. Of the above 720,000,000 k.w.h. 
about 400,000,000 k.w.h. are disposed of for electro- 
chemical industries, but these may in the future 
to a great extent have to make room for electro- 
mechanical industries, when the exceptional tariffs 
for the former expire, in which case much electro- 
chemical industry is likely to be transferred further 
north. The State, however, does not any 
waterfalls of importance north of the River 
until La: is reached. . 

According to the last official report there were 
in Sweden, in 1916, 591 electric power stations, of 
which the aggregate power was 603,664 kw. Of 
this, again, 490,824 kw. were in hydro-electric 
stations, and the balance, 112,840 kw., in stations 
worked by steam or other power. The aggregate 
length of distribution lines of more than 250 volte 
pressure to earth amounted to 11,770 km. The 

te of power is found in the Alosberg 
district (lin) with 73,685 kw.; U; district 
comes next with 72,035 kw. and Kopparberg district 
is third with 71,874 kw. Viasternorrland has 
53,133 kw. and Norrbotten 48,087 kw. The only 
district without any electric power station is that 
of the island of Gothland. 


The different years vary very materially as regat 
the amount of work undertaken for the exploitation 
of waterfalls. The largest figures as private 


turbine horse-power, whilst for the years 1910 and 
1911 they fell below 10,000 turbine horse-power. 
Since then, there has, however, been an increase, 





and for 1916 the figure was 51,000 h.p. Various 
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restrictions and legal proceedings have, no doubt, 
impeded a more rapid development, but improve- 
ment is evidently about to set in. 

The problem of a more comprehensive electrifica- 
tion of the rural districts is in Sweden, as in Norway, 
attracting much attention, and two experts have 
investigated the matter and just presented a report. 
The area so far electrified amounts to 235,524 
hectares (1 hectare equals 2-47 acres), and the 
distribution lines in question have an 
length of 7,165 km., while the cost of the installa- 
tions and works concerned comes out at about 
12,000,000 kroner (666,000/.). The total area of 
cultivated soil in Sweden amounts to about 
3,700,000 hectares (9,300,000 acres), and the cost 
of electrifying this area, according to the above 
average of about 30 kroner per hectare (13s. 6d. 
per acre), would thus amount to some 110,000,000 
kroner. As this aggregate of. land, however, com- 
prises districts where the above average of cost 
will be materially exceeded, and the calculations 
are based upon prices as they were before the 
war, it goes without saying, that the sum of 
110,000,000 kroner would have to be very con- 
siderably augmented, doubled perhaps, or more. 
The report, based upon the existing installations, 
holds that it is financially practical to electrify 
districts where the cultivated area exceeds 30 per 
cent. of the total area, and about 50 per cent. of 
the country’s cultivated area is reckoned to comply 
with this condition. Putting the cost at 40 kroner 
per hectare (18s. per acre) which would seem a low 
figure at present, the cost would amount to some 
75,000,000 kroncr (4,170,000/.). There can be no 
doubt that the farmers more and more realise the 
practical value of electric energy; the experts 
recommend the establishment of a State loan fund 
for this purpose. 

In the mining and industrial district of Central 
Sweden (Gergslagen) efforts have for some time 
been to bring about an electric power station 
combine, and the Bergslagen’s Power Board has 
now been formed for portions of the district. The 
electric power stations of the central district of 
Sweden in question lend themselves satisfactorily to 
the scheme of co-operation, only short connecting 
lines being needed. Within the Bergslagen district 
the 50 periods three-phase system is prevalent, 
the Griingesberg and Kopporberg power stations 
work with 60 periods and the Ludvika installations 
with 40 periods. As regards the Bergslagen proper, 
that is the area within the rivers Svartilven, 
Arbogaaon, Hedstrémmen and Kolbiicksan, a 
combination of all the 50-period power stations of 
this district would only entail an expenditure of 
1,000,000 kroner (55,5551.) and make it possible 
to increase the annual production of primary energy 
by about 20,000,000 k.w.h. With the requicrite 
steam reserves an additional 40,000,000 k.w.h. 
could be generated per annum, which would make 
the entire distribution independent of shortage of 
water. These 60,000,000 k.w.h. gained through the 
combine represent an addition in the production of 
energy of about 40 per cent.; they will entail a cost 
of about 1 dre (0-13d.) per kilowatt-hour, which is 
considerably less, only about one-half, of the average 
cost of energy production in the Bergslagen district 
at present. The combine scheme has been supported 
from an early stage of the negotiations by some 
30 to 40 power station concerns, with more than 
100 power stations. Th: se have about 85,000 tur- 
bine horse-power and 26,000 h.p. from steam or other 
motors, and the combine movements extends to 
the Gestrikland district and southern Dallcarlia 

With regard to the business or financial structure 
of the combine the leading principle has been not 
to interfere too much with the independence of 
the individual concerns. The combine installs the 
lines necessary for co-operation, beyond those 
already existing, at its own cost, and the necessary 
capital is obtained by contributions from its 
members, whereas the latter themselves look after 
any necessary alterations within their own system, 

as well as transformers needed for connection with 
the lines of the combine. The combine places at the 
disposal of its members the energy they require and 
apply for, buying the energy from other members, 


who have any to spare, or by purchase from outside 
power stations. 





The question of settling the price for energy undertaken the laying-out of the power station in 
supplied of course presented some difficulties, and question, does not provide for any additional 
involved classification. Primary power is regarded |enlargement, although a considerable amount of 
as the power available throughout the year, day | preparatory work, tunnols, &c., for the extension 
and night, and secondary power as the power avail- [threedy has been undertaken. Under the ciroum- 
able with a fairly ample volume of water. Power stances an outlay of some 6,000,000 kroner is con- 
incidentally available, be it from a temporary |sidered sufficient for the completion of the second 
smaller requirement of energy on the part of the |stage with its additional 35,000 h.p., a device 
member in question, or from incidental surplus of which reduces the aggregate cost of the completed 


te | water power, is called surplus power. Finally, 'installation to the very moderate average of 


power generated by steam or other heat plant is |38 kroner (42s.) per horse-power. An annual net 
called reserve power. On the other hand, power surplus of fully 2,500,000 kroner is reckoned upon 
supplied beyond the contracted quantity is called | after paying 5 per cent., besides 700,000 kroner for 
top power and the power which r certain' taxes. Already contracts have been made which, 
circumstances is derived from stored water is called from July 1 next year, will pay interest and 2 per 
stored power. With reference to the margin which cent. amortisation on the purchase money, and 
the combine naturally requires between the buying leave a small surplus. 

and the selling price, this has, for primary power, been| A number of Norwegian towns have also purchased 
fixed at 15 kroner per kilowatt and } dre (0-065d.) | waterfalls, as will appear from the subjoined table, 
per ety ase . is — that concerns in a | which, however, is not complete :— 

position to dispose of power favour a high price, . 
and those in need of energy the reverse, but the so ey hy Uriel 
future trend is likely to show a decrease in the sale : Kw. 

of energy to the combine and an increase in the eee oe Re oe 
purchase. It is therefore expedient that the Ee, MS 


D hei oes ees 
combine shall be enabled to handle energy at aneew ee és 100;000-150000 
reasonably low figures (some may have to be drawn Christiansand... =... sss ss 90,000 
from North Sweden), although the combine must, ne mal ie = i cgapiert dell * 
of course, be on the safe side. The price for primary Poragrund, jointly with Solum and ‘ 
power has therefore been fixed at 15 kroner per kilo- _  Gierpen rural municipalities... 25,000 


watt per year and 1 dre (0° 13d.) per kilowatt-hour, | = dine c bs ae 

which is somewhat below what may be called the ae yyy Ang Sire’ the Kykbelored wre 
current price for primary power in the Bergslagen 4 - 

district, whilst the vendors of primary power obtain Other towns which have been unable to purchase 
60 kroner per kilowatt per year and } dre per water power owing to all suit able falls already having 
kilowatt-hour, measured at the high-voltage side |brem taken up, have covered their requirements by 
of the member’s transformer station. The selling pl eau pa a op 
price to members for surplus power has in the|~."*- 9 Reape - 

meantime been fixed at 1 dre per kilowatt-hour. side of the Christiania Fjord, the larger waterfalls 
The price for reserve power purchased by the i” this part of the country having been bought at a 
combine from its members has been fixed at 20 Comparatively early date, or secured by large 
kroner per kilowatt hour per year, plus the | Private power concerns, such as the hydro-electric 
member’s own cost for fuel, increased by 20 per power stations at Kykkelerud, Vamma and Hafslund 
cent. if the power is guaranteed available at the |°" the east side of the firth, and the Skollenborg 
request of the combine. The members are entitled and the Freschow-Fritzée power stations on the 
to buy reserve power from the combine at a price west ride. At least eight towns have _entirely 
of 30 kroner per kilowatt and 2-5 dre per kilowatt- discarded their steam or gas electric stations and 
hour, at normal coal prices, with an addition of secured water power. In Christiania and Bergen 





0-6 dre per kilowatt-hour for each rise of 5 kron r|the steam stations have been maintained as 


in the price for coal. The price for top power has|Teserve. Half a dozen towns still confine them- 


in the meantime been put at 10 dre per kilowatt- 
hour, but not less than double the kilowatt-hour 
Erice for reserve power. 

It has often been suggested that, as compared 
with Sweden, the Norwegian State has been taking 
the matter of exploiting its water falls rather easily. 
Surprise has more especially been expressed in 
connection with the powerful and well located 
Nore Falls. But these falls were purchased some 


exploitation are on large lines. They comprise 
installations with a capacity of 368,750 turbine 
horse-power, which formidable capacity can be 
further increased to about 460,000 turbine horse- 
power. We propose, however, to deal with this large 
undertaking in a separate article. The problem of 
what may be called a national system of electric 
energy supply is at present attracting much attention 
in Norway, but opinions seem to diverge considerably 
on this point. 

The Norwegian State is apparently about to 
embark upon a more active policy in the field of 
ekctric energy production. Not only have the 
Government bought some additional falls, the 
Skjérnforsen, Fosen, and the Formofossen, Grong, 
but in addition to the vast undertaking of exploiting 
the Nore Falls, it is bing urged to exploit the 
Kvina water power, through the medium of special 
committees appointed by local authorities, and, 
what is of more immediate interest, it has decided to 
purchase the Glomfjord concern, that is, the large 
hydro-electric power station now in course of con- 
struction at Fykanaaga, M: léy. Through additional 
regulation of the Storglaanes water the capacity of 
this power station can be increased from 45,000 h.p. 
for which the power station, now b ing built, is 
calculated, to 80,000 h.p. The Government is in 
a strong porition in this deal, inasmuch as the 





ten years ago, and the plans now prepared for their ; 


selves to steam, gas or Diesel motors for generating 

\their requirements of electricity, a few have been 
\obliged or found it expedient to construct steam 
‘or Dierel motor stations as a supplement to their 
hydro-electric power stations, but the remaining 
50 town electricity works in Norway use exclusively 
water power, and their number is likely to increase. 
' Alternate current, 50 periods, is used in almost all 
towns. 

Apart from the municipal power stations the 
following table refers to a dozen large private 
undertakings which together with the above 
represcnt, or represented when made up in 1915 
(but it is the last available), about 80 per cent. of all 
electric power stations in the country :— 


Country. Kw. Application, 
Kykkelsrud ... 31,000) Electricity suppl 
Vamme ove 27,000) carbide and other 
Hafslund -» 17,000) big industries. 
Hollenborg ... 4,000) Electricity supply 
Treschow } and wood pulp if- 

Fritzéc 10,000/ dustry. 
Boilefos ..» 24,000 Electrometallurgical 
industry. 

Lienfos «» 14,000 rf 

Svalgfos «.  42,000\| Nitrate industry. 

Rjukan I +» 110,000 

Rjukan II... 114,000 

Tysso 90,000) Carbide and other 
} electrometallurgical 

Meraker Bruk... 11,000/ industry. 


All these private undertakings have alternate 
three-phase current, 50 periods, except Tysso and 
Boilefor, which use 25 periods. 

It is more especially during the last six to seven 
years that the exploitation of Norway’s water 
power has been accelerated; in the beginning of 
1911 the aggregate gen rator capacity amounted to 
rome 240,000 kw., which figure during the next 
five years or so sw. lled to 670,000 kw. The amount 
of water power exploited already exceeded 1,000,000 
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to rise at the same rate as it has done since 1907, 
some 6,000,000 h.p. will have been exploited in 
the course of the next fifty years. That this amount 
of water power is available in Norway is absolutely 


certain. 

This wealth of water power on the part of Norway 
has within the last few weeks prompted an inter- 
Scandinavian combination or co-operation, in which 
Denmark will be the recipient of electric energy. 
Some 200,000 h.p. have so far been mentioned, 
generated principally, if not entirely, in Norway 
and transmitted partly by submarine cable. 





EXPRESS LOCOMOTIVES FOR 3-FT. 6-IN. 
GAUGE. 
* Tux line of the New Zealand Government Railwa: 
between Christchurch and Timaru (see Fig. 1) is 
easiest stretch of 100 miles in the Dominion of New 
Zealand, being straight and almost level for nearly 
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in section united by the straight cores for the steam 
ports at each end. This a of passages is 
especially desirable with superheated steam since it 
minimises expansion and contraction of the castings 
in service. Special care was taken to ensure metal of 
uniform thickness and to guard against s 

strains generally, while bushes were provided for the 
steam chest and cylinder wearing surfaces to allow 
softer and stronger metal to be used for the main 


A simple type (see Fig. 8) of combined drain cock 
and relief valve is fitted, worked by rods actuated by 
air pressure from the Westinghouse brake service. The 
course of the outside steam pipe is shown on the smoke- 


exhaust pipes are led from each end of the steam chest 
into the central casting which suppo ports the smoke-box 
(see Fig. 6). The steam-chest bushes are made as 

short as possible and the centre of each chest is made 


© | the same diameter as the bush (see Fig. 6), to give a 


straight run for the valve when being put in place. 








20 Miles 





the whole distance, but the express trains frequently 
involve loads of over 400 tons behind the tender, while 
the prevalent north-west gales make flange resistance 
heavy. The scheduled time for express trains on this 
100-mile run is 2 hours and 58 minutes with five stops 
total 10 minutes, and allowing 2 minutes for time 
lost dui acceleration period for each start and stop; 
this gives an average running speed of 38 m.p.h. These 
trains were formerly worked by four-cylinder balanced, 
compound locomotives of the Pacific type (Fig. 2), 
having 12-in. and 19-in. cylinders, 22-in. stroke, 54-in. 

driving wheels, and using saturated. steam at 225 Ib. 
working pressure. These engi ——_ about 47 tons, 
of which 30 tons are available for esion, and with 
steam at 80 per cent. of the boiler pressure they develop 
@ tractive force of 16,900 Ib. (computed by the rational 

formula for compounds) 


T = 08 ps (2H? — H4/L2) * 
D 





They are able to handle the average train of 14 carriages 
(280 tons) on a coal and water a of 44 Ib. 
and 35 gallons per a ge For loads ve this they 
are under-cylinde so Mr. H. H. Jackson, chief 
mechanical deren designed for this service some 
non-compound engines of the Pacific type fitted with 
superheaters of about the same weight as the com- 
pounds, which were built in. the New Zealand Railway 
workshops at Addington. 

The New Zealand Government Railways are of 
3-ft. 6-in. gauge, and the track restrictions in force 
allow only 10 tons axle load and a maximum s of 
only 5@ m.p.h., while the loading gauge is only 8 ft. 
wide and 11 ft. 6 in. high, so the conditions are severe. 

Superheated steam of 180 lb. pressure was decided on, 
with 54-in. Te a wheels, and 17-in. by 26-in. 
cylinders, ly an adhesive factor of 4 is used for 

express work, but as the line is nearly level this was 
reduced to 3-6 in order to gain the full benefit from 
superheating by using large cylinders, A wide fire- 
box was d 8o this entailed a trailing bogie, and 
a four-wheeled | bogie was necessary to dis- 
tribute the weight properly. The three-point system 
of equalisation is generally used for Pacific engines 
on the New Zealand Railways, so the driver springs 
are connected by equalising beams, with each other 
and with the taling e, each side being a distinct 
system. —~ shows the preliminary sketch design 
prepared at this stage. 

The narrow gauge makes outside cylinders com- 

ulsory, and a simple casting as possible is advisable in 

lonial foundries. 4 to 7, Plate XLV1, show how 
this was obtained. tside steam and exhaust pipes 


are used, and the main cores are everywhere circ 
* é.¢,, Equivalent cylinder diameter for 4 cyl. compounds 





ap 


when H = the Glecnator of the high pressure and L that 
of the low-pressure cylinders. 








| Fiq. 2. COMPOUND. 


box drawing (see Figs. 25 and 26, Plate XLV1), and the | tail rods 


of “ carbonised” oil which gums up the valve rings 
and bushes on su engines of other classes 
not fitted with this valve. It is peculiar that the 
drivers who make the most use of this device show the 
best results in coal and water consumption, but the 
valve is only 1 in. diameter and is only opened very 
slightly. The drivers were, at first, su to open 
it only when drifting, but now many drivers leave it 
— from shed to shed, holding the train when 

by the tender hand brake. The temperature 
of the superheated steam averages about 700 deg. F. 
in express running, but the lubrication is now entirely 
satisfacto’ 


ry. 

The piston valves are 9} in. diameter and have no 
The weight of each valve, 100 lb., is not 
carried by the spindle but on wearing strips (see 
Fig. 9), 54 in. by 2} in., on the bottom of the valve 
The strips run on the bush, and thus cover the split 
in the packing rings and also ensure that the un- 
balanced steam ure on the valves falls only on a 
5}-in. chord, and not on the whole diameter of the 





If this is not done the split packing rings fall into the | valve. .The packing rings are kept narrow, 4 in. by 
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Tractive force x dia. drivers 
Heati: g surface 
mes pane 


Fire’ . 
Boller “eubes, 1} in. dia- 
meter outside . 
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102 sq. ft. 
. 1,622 aq. ft. 


Total heating surface 1,724 sq. ft. 
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(3361.c)}*+-——--—-————-- 517°6° Total Wheelbase 
Engine -_ wail in Da Walschaert gear, ~ lin, Heating surface— 
in 79 tons Led in. box 5 123 sq. ft. 
Tractive ‘foree --_ 20,000 Ib. Full travel 4§ in, Boiler tubes, 12 in. dia- 
Adhesive weight . .30 tons 7ewt. Port 1} in. meter outside 772 sq. ft. 
= 67,984 lb. Heating ame 50 Superheater flues .. 250 sq. ft. 
Adhesive welnt r 3-4 _ Superheating surface x 2.. 480 sq. ft. 
Tractive force 12-8 Truetive force x dia. drivers 665 





Heating surtace 


— space and catch on the edges of the bush, causing 
trouble. 

Four-feed mechanical lubricators were fitted to the 
first 10 engines, but an American type of sight-feed 
lubricator is now being used. This gives a more 
flexible feed, which is desirable now that the engines 
are running in various services with widely different 
conditions of grade and speed. The oil is led from one 
feed into an atomiser and check valve on the steam 
pipe and another feed goes to the check valve on the 
steam chest. No drifting valve is used, but a saturated 
steam valve in the cab allows a = flow of “ wet” 
steam to into the steam pipe just above the 
atomiser. This entirely prevents The annoying deposit 





Heatii.g surface 


Total heating surface 1,625 sq. ft. 


} in., in order to minimise the steam load between them 
and the bush. At 180 Ib. pressure the maximum total 
unbalanced steam load on this valve is about 5 tons.* 
The bridges are carried diagonally across the port to 

equalise wear (see Fig. Sigane eoee <eeee 1% in., 
as has been found advisable in practice. he splits in 
the rings are also , and are kept 4 in. apart 
when fitted, to guard against the expansion due to 
superheated steam, which causes the rings to seize if 
this detail is not attended to. Inside admission is used 





* Steam pressure (180) x {Area of 3 rings + 1 
strip} + Exha:st p essure (40) x 
wearing strip} = 5 tons nearly. 


wearing 
{Area of 1 ring+ 1 
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and the only packing required on the valve spindle is 
afforded by lea <x e grooves in the guide (see Fig. 6). 
The Walschaert gear (see Figs. 13 and 14) is set to 
give 4 in. lead, and the lap of the valves being 1 in., 
a cut-off at 80 per cent. and release at 90 per cent. are 
given with a travel of 4 in. in full gear. The position 
of the reversing shaft is chosen to give equal cut-offs, 
back and front, in running gear, and the slip is 
minimised (§ in. maximum) by finding a suitable 
position for the attachment of the eccentric rod to the 
link. The whole gear is in one vertical plane from 
the return crank to the valve spindle. The correctness 
of the design is proved by the results, the steam con- 
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Fig . 28. 
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sumption being very low and the running smooth and 
free from wear. 

All the shell plates of the boiler (see Figs. 15 to 18) 
are } in. thick with the exception of the throat plate, 
which is § in. As the plate-rolls and riveting machine 
can take plates 10 ft. wide the boiler barrel is made 
in two courses. All the circumferential seams are 
single riveted. The longitudinal joint is on the top in 
each course and is made tight by acetone welding at 
each end. Neglecting this welding the joint has an 
efficiency of only 83 per cent., but it is a simple and 
very mechanical joint, and is especially désigned for 
tightness. The tubes are kept well away from the 
barrel and clear of the radius of the tube plate. They 
are pitched in vertical rows, and spaced to encourage 
free circulation, and the result is a very free steaming 

er. 

The fire-box is built of American fire-box steel, 





cal oun centre 6 ton 12 owt.. 


60 .~x£O0 | 


6x14 Spring Beams 


Arm. (Theoretic Radius 5- 





# in. thick, with a copper tubeplate 1 in. thick. This 
combination has proved very successful with iron tubes 
and after experience with all-steel and all-copper boxes 
this mixed type is now the standard. On the New 
Zealand Government lines the crown is stayed with 
radial stays throughout, the front seven rows being 
free to expand upwards. This arrangement gives a 
very clean crown, easily washed and inspected, with 
no tendency to gather scale and mud deposits. A 
splash plate is fitted just forward of the tubeplate to 
prevent the water surging off the crown when brakes 
are applied. 

The New Zealand coals are highly bituminous and 


Praca: ton 





Cast Steel. // @ 








long flaming, so the fire-box is as deep as ible, 
with a long brick arch and a combustion chamber. 
Besides the advantage in promoting good combustion, 


the reduced temperature at the tube pase has practi. | has 


cally abolished tube troubles and the boilers have run 
for over two years without the necessity of yet expand- 
ing any tubes in service. The foundation ring is a steel 
forging, 4 in. wide by 3} in., double-riveted at the 
corners, but single-riveted elsewhere with the exception 
of an upper row at the same pitch as the side stays, 
This gives a thoroughly steamtight joint, and the 
upper row of rivets allows the bottom tow of stays 
to be kept well above the ring, thus giving space for 
cleaning purposes. The mud plugs are brass, about 
2 in. diameter, screwed to 12 threads per inch on a 
taper of 1 in 8, and are screwed direct into the plate. 
Special care was taken to have them properly > 
and the result is a very convenient boiler for wash-out 


purposes, and a boiler which is always as clean as 
possible. 

The standard grate (see Figs. 19 to 24) consists of 
side dead plates, 2} in. wide, with §-in. bars and yin. 
spaces. These are made in five standard lengths 
(24 in., 27 in., 30 in., 33 in. and 36 in.) and fit all fire- 
boxes by varying the width of the front and back dead- 
plates between 2} in. and 4 in. A drop door, 2 ft. 
wide by 18 in. long (see Figs. 20 and 21), is fitted in 
the grate under the firehole door, through which clinker 
and dirt can be dumped into ash pan. The ash pan is 
kept 3 in. below the mud ring all round to give plenty 
of air admission space, and this space is protected by 
covers of perforated plate. oy grates have not, 
proved satisfactory with the friable New Zealand coals, 
but the drop-door grate is a greatly appreciated 
convenience and renders the dumping and cleaning of 
fires a quick and easy job, 

An extended smoke-box (see Figs. 25 and 26) is used, 
55 in. diameter and 6 ft. long. No damper is used, 
but a deflector plate is fitted to prevent all the hot 
gases coming through the top flues. Although a steam 
temperature of 700 deg. is regularly reached no trouble 
has been experienced with the superheater tubes. The 
exhaust and chimney arrangements give very good 
results, although the nozzle is higher than the Schenec- 
tady experiments would warrant. However, the 
danger of grass and bush fires in New Zealand makes 
effective spark-arresting devices necessary, and the 
perforated spark-arresting plate fitted at the level of 
the exhaust may so alter conditions that the American 
results are not directly applicable. 

The leading bogie (see Figs. 27 to 29, annexed), 
is of the swing-link type, with heart-shaped suspension 
links, and the wear of the driving wheel flanges has 
been so remarkably little that the angle of the swing 
links must be accepted as correct for this type an 
weight of engine. The bogie framing is formed of 
9-in. channels which give a very rigid and cheap 
construction. The trailing bogie, Figs. 30 and 31, has 
outside axle-boxes (see Fig. 32), with large doors fixed 
on a large frame guided by radius bars, and the weight, 
which is equalised (or, rather, com ) with the 
drivers, is taken on a slider between the axle-box and 
spring. In order to leave full space for the ash pan 
the radius bar is not swung on a central pivot between 
the frames but from a pivot on each side outside the 
frames (see Figs. 30 and 31). The bars converge to 
a point such that the virtual radius of bogie bar 
is 1}, the theoretical length, and this point was deter- 
mined by trial as giving satisfactory results, This 
radius was at first made three-quarters of that given 
by the formula, but proved too short. The axle-box 
brasses of both bogies are lined with a white metal 
mixture (lead 6, antimony 1) which has given excellent 
results. The conditions are fairly severe, particularly 
on the trailing bogie, where a 26}-in. wheel runs at 
regular speeds of 50 m.p.h., but ample bearing surface 
is provided. 

The combination of outside cylinders on a 3-ft. 6-in, 
gauge so alters the relative value of the moments of 
the disturbing forces that neither the English (the 
minimum nosing moment method of D. K. Clark or 
Professor Dalby) nor American (two-thirds of the 
reciprocating weight placed —= the crank) com- 
promise, gives best results. In these engines that 
position of the counterbalance is chosen which gives 
the least hammer blow, and four-fifths of the recipro- 
cating weight is balanced for fore-and-aft vibration 
while the nosing moment of all the reciprocating weight 
is entirely unbalanced. The running of the locomotive 
has proved entirely satisfactory at all speeds up to 
60 m.p.h., and the nosing or boxing motion is re’ 
negligible, in fact we are informed that it is doubtful 
if a steadier engine is running in the Dominion. 

The reciprocating weights amount to 600 Ib. per side, 
and 160 lb. are balanced in each coupled wheel, leaving 


120 Ib. (or Total in of see) unbalanced per side. 
\ 
The “hammer-blow” or load variation amounts to 
4,800 lb. per wheel at 54 m.p.h., or 43 per cent. of 
the staticload. It will be remembered that an approach 
to this position of the balance weight has been tried 
by Mr. H. H. Vaughan on a Canadian Pacific loco- 
motive, and while the unbalance of the nosing moment 
been carried to a greater extent in this case it is 
satisfactory to record that nothing but good results 
have followed. The Tables on the next page show 
@ compari of the various compromises and give 
some data of the computations. 

A tender of a modified Vanderbilt type was designed 
to hold 3,500 gallons of water and 44 tons of coal. 
This is a decidedly lighter and cheaper tender than the 
rectangular type for the tare weight is exactly the same 
for this 3,500-gallon tender as for the 2,200-gallon 
rectangular t used for the compounds. The coal 
8 is cedh bother arranged also, for all coal passes 
t h the self-trimming box on this tender in a few 
days at most, and no building-up of back and side 








walls is required while the fireman gets all his coal 


oe 


So i ee 








578 


ENGINEERING. 





[Nov. 22, 1918. 








Reciprocating Weight. 
Acting at 13-in. crank radius and 32} in. from longi- 
tudinal centre line of engine. 











Part. Estimate. | Actual. 
Ib. Ib. 
Piston head, rod and nuts .. o Pe 222 220 
Crosshead, pin, union link and bottom end 
lap and lead rod .. o% os . 230 237 
Connecting rod—iittle end + $ big end 148 145 
Total 600 602 








Revolving Weights. 
Acting at 13-in. crank radius showing transverse 
distance ‘‘ X’’ from longitudinal centre line of engine 





























Leading. Driving. Trailing. 
Part. Xin 
Esti- Esti- Esti- 
mate. | Actual) mate. | Actual) mate. | Actual 
Connecting rod 
big end . = — 162 1638 | — — | 32 
Side rod 100 93 182 185 91 91 | 27 
Crank-pin 18 -— 81 -- 18 | Dri- | 28 
vers) 31 
Crank boss 103 “= 103 | — 103 | — | 22 
Total 221 oo 528; — 212 —_ _ 
Balance weight) 307 at 165 | 688 opposite | 307 at 165 
at 13-in. crank} deg. behind crank deg. behind 
radius left-hand left-hand 224 
crank crank 
Retpapesting 1554 160 164} 
weight, 
balanced 

















Total reciprocating weight unbalanced = 122 Ib. - 
Reciprocating weight . Total weight of engine 
5 900 


Distance of wheel contact with rail from longitudinal centre line 
of engine = 22in. Right-hand crank leads. 4 gf »sasal 


Comparison of Disturbing Forces. 


At speed in miles per hour = diameter of drivers in 
inches. 





























Proportion 
of recipro- | Oscillating) Nosing Hammer 
Method of cath Force Moment Blow 
Balancing. Weight in Lb. in In.-Lb. in Lb. 
an . 
English + 11,700 602,264 6,760 
t 7,020 450,164 8,153 
American § 11,700 } 1,099,878 4,916 
t 7,020 994,570 6,060 
Minimum 
hammer blow. . . 11,700 | 1,362,764 4,030 
Misimum 
hammer blow. . t 7,020 | 1,362,764 4,810 
(Method used.) 

















ready to his scoop and never needs to shovel forward 
as with the other type. 

The first engine built of the type above described 
was tested on the express run from Christchurch 
to Timaru against the best compound available. 
Each engine hauled the train out and home for five 
consecutive days, doing 200 miles per day, and the 
result of the 1,000 mile test was decidedly in favour 
of the new engines. The detailed record, Table I, 
annexed, shows the saving as 20 per cent. in water 
and 33 per cent. in coal, and this includes coal used in 
making up the fire each morning and during the 
2 hours’ stand over at Timaru. 

This train is now being run by the new engines 
exclusively, and the saving in coal and water is being 
realised steadily. Part of the saving is undoubtedly 
due to the boiler, which is easily the best steaming 
boiler seen on a locomotive in New Zealand, but of 
this saving part again is directly due to superheating. 
However, without indicator diagrams and tests made 
on a testing plant under exact conditions it is extremely 
difficult to apportion the figures with any degree of 
accuracy. The broad facts remain that this super- 
heated simple engine saves about 30 per cent. coal over 
the saturated compounds, which again are quite 25 per 
cent. better than the saturated Baldwin simples they 
superseded on this run in 1907. These latter engines 
were the first 4-6-2 engines ever built, and it is on 
account of these engines that the name “ Pacific” 
was given to the type, so New Zealand has every reason 
to be proud of its association, with the class, which is 
undou y the most suitable for the conditions 
involved, 

The saving in coal effected by these new engines 
was not the only advantage. The compounds, while 
capable of handling 15 cars on the express run under 


TABLE I.—Summary or Locomotive Tests. 
































































































































TABLE II.—Summary or Locomotive Tests. 














Express Service, Christchurch—Timaru. 15/2338. 
AB 608—Simple Superheated—Weight, 75 tons. A 399—Compound Saturated—Weight, 69 Tons. 
(December 13 to 17, 1915.) January 10 to 14, 1916.) 
Trip Per Round Per Per Round Per 
bom Actual Trip. Ton-Mile. Gross | Actual Trip. Ton-Mile. 
‘on Run- n- 
Mileage.| ning Weather. | Trip Zon ae Weather. 
Time. | water.| Coal. Water| Coal. e. | Water. | Coal. | Water.| Coal. 
mins. Ib. Ib. Ib. Ib. mins. Ib. Ib. Ib. | Ib. 
8 25,100 179 Calm. 8 36,500) 178 Calm. 
50,000 | 5,544 | 0-833/0-092 68,000 | 8,176 | 0-991/0-119} ———_____ 
N | 34,900; 165 Calm. N | 382,100) 165 Calm. 
8 | 26,800| 176 Light N.E.| 8 39,600) 174 Calm. 
48,000 | 5,576 | 0-842/0-098 69,000 | 8,400 | 0-936/0°114; ——_——__—__ 
N | 30,200; 167 Light N.E.| N | 34,100) 166 Calm. 
8 27,500 177 Calm. S$ |*32,700) 175 StrongN.W. 
49,500 | 5,488 | 0-796/0-088 72,000 | 9,396 | 1-03 |0-135| ———_—__—__ 
N | 34,700] 162 Light N.E.| N |*37,100) 168 Light N.E. 
8 33,400 157 StrongN.W.| S [* 33,100) 155 StrongN.W. 
51,000 | 5,600 | 0-790/0-087 70,000 | 9,408 | 1-07 |0-144; —______ 
N | 31,200 179 StrongN.W.| N |*32,100) 173 StrongN.W. 
8 35,200 171 Calm. 8 29,100) 184 Calm. 
49,000 | 5,482 | 0-717/0-079 62,500 | 7,840 | 1-05 |0-132 
N | 33,100 165 Calm. N 30,400} 164 Calm. 
Avg.) 31,210 170 49,500 | 5,488 | 0-793/0-088 _— Avg.| 32, 172 66,500 | 8,133 | 1-007/0-123 — 
— AB 608. A 399. AB 608 saves 33 per cent. coal and 20 per cent. water over A 399 
Coal per engine mile Ib. | 27-44 43-66 8 = Christchurch-Timaru. N = Timaru—Christchurch. 
Coal per ton-mile .. Ib. 0-0880 0-1232 (100 miles.) 
Water per engine mile Ib. | 247-5 332-5 * Not counted in aver ; strong wind. 
Water per ton-mile oa Ib. 0-793 1- Coal accurately weighed and water measured by meter. 
Ton-miles per lb. of coal .. --| 11-38 8-114 
Ton-miles per Ib. of water ie --| 12-60 9-925 
Lb. of water evaporated from and at 
212 deg. F. perlb.of coal .. .-| 11-96 9-87 











































































































favourable conditions, could be regularly trusted with 
only 14. The capabilities of the new engine in this 
respect could not te fully ascertained as traffic restric- 
tions fix the maximum load at 20 cars, which load the 
new engines handle with ease, and make up a 

deal of time when necessary. Probably the finest 
performance ever recorded on the 3-ft. 6-in. gauge 
was accomplished on January 29, 1916, when a train 
of 20 heavily loaded cars was bronght from Timaru 
to Christchurch under difficult conditions. Traffic 
delays inseparable-from holiday traffic were accentuated 
by a hot box on a car, so that 22 minutes had to be 
made up. This reduced the actual running time for 
the 100 miles to 147 minutes, but d a hea 
north-west gale, a train weighing 423 tons behind the 
tender, carried on 80 axles, and over 950 ft. in length, 
was brought to Christchurch on time, although a signal 
stop at the platform made actual arrival 4 minutes 


s+ 





Allowing 2 minutes for each start and stop the 





Express Service, Wellington—Tathape. 16/1414. 
AB 658—Simple Superheated—Weight, 75 Tons. A 598—Compound Saturated—Weight, 69 Tons. 
(September 4 to 12, 1916.) (September 15 to 21, 1916.) 
Trip Per Per 
Gross | Actual |Water| Coal Ton-Mile. _ —_ Water; Coal Ton-Mile. 
Ton un- | per per . ‘on un- | per per Weather 
Mileage.| ning | Jour- | Round Weather. Fiuty Mileage.| ning |Jour- | Round 
Time. | ney. | Trip. |water.| Coal. Time. | ney. | Trip. |water.| Coal. 
min. | gall. Ib. gall. | Ib. min. | gall. Ib. gall. | Ib. 
N | 53,200 327 5,085 0-096 N.W. gale. | N | 44,260| 340 4,720 0-107 Calm. 
—'|- 10,416 0-096 11,844 0-127 
S$ | 55,200) 318 3,710 0-067 Fair. 8 48,860 339 4,280 0-088 Calm. 
“N | 49,600 | 0-099 N.W. gale. | N | 50,260] 341 | 5,230 0-104 Calm. 
—|——__-|_- | 11, 228 0-110 12,684 0-119 
8 52,550 332 3.440 0-065 Calm. Ss 55,900 327 4,710 0-084 Calm. 
N | 49,200 337 4,070 0-083 Calm. N | 41,025 345 4,430 0-108 Calm. 
11,788 0-111 10,836 0-117 
8 56,650 325 3,600 0-063 8. gale. 8 51,855 300 4,515 0-087 Calm. 
N | 53,850 336 4,935 0-091 N.W. gale. 
11,312 0-103 - 
8 55,800 333 3,455 0-062 8. gale. 
Avg.| 53,260} 330 | 4,150] 5,593 | 0-078/0-105 ~— Avg.| 48,700 | 332 | 4,648] 5,894 | 0-095/0-121 — 
x AB 658 saves 13-2 per cent. coal and 17-9 per cent. water 
AB 658. A 598 over A 598. 
Coal per engine-mile Ib. | 35-00 36-8 Each engine was assisted Wellington—Johnsonville on north 
Coal per ton-mile Ib. 0-105 0-121 /|trip; in addition, A 598 was assisted Marton-Taihape on 
Water per engine-mile gall. | 26-00 28-00 September 15, 1916, Paekakariki—Wellington on September 19, 
Water per ton-mile . Ib.| 0-78 0-95 1916 and September 21, 1916, and Palmerston-Taihape on 
_ a per oem | “ coal Ry: oi! 8-26 September 20, 1916. 
‘on-miles per pound of water .. <e 1-28 1-05 
Pounds of water evaporated from and at Coal accurately weighed and water measured by meter. 
212 deg. F. per pound of coal “a 9- 9-52 


46 m.p.h., a notable performance for an engine with 
54 in. drivers and only 30 tons adhesive weight, with 
a train of 420 tons. The log for this run is as follows :— 





























average running speed works out on this occasion at 











Mile- Time- 
age. Station. 29.1.16 | table. Remarks. 
—_ : . 416 411 Holiday traffic— 
wry a on 5 minutes late. 
114 | Temuka .. jarr. 4 34 4 31 | 3 minutes delay. 
” .. |dep. 4 39 4 33 
184 | Orari .jarr. 4 55 _ 3 minutes delay. 
AS . |dep. 4 58 451 |. 
47 Ashburton jarr. 5 41 5 38 | 6minutes delay. 
ps dep. 5 52 5 43 
64 Rakaia ..jarr. 6 15 6 11 | 5 minutes delay. 
os -- dep. 6 22 6 13 
| arr. 710 | Dela 4 mins. 
100 Christchurch! arr. 7 13 -- alas eae. 
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The success of the new engines on this run, ps 
larly the abolition of double heading, caused the building 
of 20 of these engines to be pushed on, and some were 
brought to the North Island and now work the main 
trunk expresses between Wellington and Taihape, and 
between Auckland and Taumarunui. A series of tests 
was carried out in the North Island between the new 
engine and the compound. The results are given in 
Table II. The water saving was about the same 
in this case, but the coal saving fell off, partly due 
to the long drifts down hill and the undulating nature 
of the road generally, which prevents regular con- 
ditions obtaining. However, the superiority of the 
“Ab” in coal and water consumption was clearly 
established, while its load hauling capacity has caused 
all double heading to be cut out, though a banking 
engine is still frequently used on the first 5 miles out 
of Wellington, where there is a grade of 1 in 40 with 
uncompensated curves of 7 chains radius. 

A notable feature is the fact that the large tender and 
small water consumption cuts out two of the three 
stops formerly made for water and the 87 miles from 
Wellington to Palmerston North is now a non-stop run 
both ways, the only notable one in New Zealand. 
The engines described are great favourites with the 
crews, and have given such satisfaction in general use 
that they are now looked on as standard engines for 
both passenger and: goods services for main line runs, 
and will be the only tender engines built till such time 
as heavier axle loads are allowed. 





THE ELLIPTIC TRAJECTORY OVER THE 
EARTH. 
To tHE EpiTor oF ENGINEERING. 

Sir,—Sir George Greenhill’s papers on the elliptic 
trajectory in ENGINEERING of October 11 and 18, bring 
us nearly to the problem discussed by Jules Verne 
of a projectile fired from the earth and passing round 
the moon. It is interesting to consider whether a shot 
could be fired from the earth in such a manner as to be 
disturbed by the moon’s attraction so that on its return 
journey it would miss the earth and pass round in an 
elliptic orbit, thus becoming a tiny satellite. 

A shot fired from the earth with a velocity of 
5} geographical miles per second, at an angle of eleva- 
tion of 29 deg., will describe an ellipse of semi-major 
axis 65,000 miles, eccentricity 0-96. The orbit will 
pass, if undisturbed, 830 miles inside the earth’s surface, 
and will reach out to within 87,000 miles of the moon’s 
orbit. At this distance the moon’s attraction would 








E (5659) 


draw it 23 miles in 3 hours. The time of revolution of 
the orbit would be five days. It is to be supposed that 
the moon lies in the plane of the orbit and to one side 
of the major axis. 

The perturbations by the moon can be shown by a 
geometrical construction in the Newtonian method of 
discrete impulses provided it can be drawn in a scale 
large enough to show the small variations, or in any case 
the variations of the angles and distances can be measured 
trigonometrically. Following Sir George Greenhill’s 
line of reasoning by the accompanying figure corre- 
sponding with his Fig. 4, page 395 ante, itis supposed that 
during the path from Q; to Q, the moon’s attraction draws 
the body through a path represented by Q, Qm, 80 that 
the resultant path is represented by Qs; Qn. Then 
Qs Qn is the tangent to the new ellipse in which 
(supposing the path Q; Qm to be indefinitely small) the 
body would continue to move if the disturbance ceased 
to act. Bisect the angle Q; E Qn by the line E Pm 
meeting Q;Qm at Pm. This is the point where the 
tangent touches the ellipse. Through Pm draw Pm Fm 
making the angle Qm Pm Fm equal to the angle between 
Qm Pm and EP» produced. The new focus Fy, lies 
along this line at a distance Fm Zm from Qs Qu pro- 
portional to the velocity. Clearly 


Fin Zm = Qs Qn 
“FT aa 


which determines F,. Produce Fy, Zm to Um, making 
FnUm=2FmZm; then the circle with radius 
EUm is the new hodograph circle. Since E Pm + 
P» Fm = the major axis, the new ellipse is completely 


determined. The subsequent movement of the body 
can be followed by repeating this construction, taking 
for the next period an angular interval equal to Vz E Vm. 
Yours faithfully, 
Guy B. Perrer. 
7, Princes-street, Yeovil, November 6, 1918. 





**COAL SAVING BY SCIENTIFIC CONTROL . 
OF STEAM BOILER PLANTS.” 
To tae Epitor or ENGINEERING. 

Srr,—I have read with the greatest interest both 
Mr. Brownlie’s articles and the correspondence that has 
resulted, but I think that before discussing the knowledge 
and capabilities of the fireman, perhaps it would be 
better to educate the engineer in charge of the plant 
in the principles of chemistry and physics which govern 
the economical performance of boiler plant. 

I do not think I am mis-stating the position when 
I say that the average steam service engineer in an 
industrial establishment (as distinct from electric power 
stations) is not, by the Co age nature of his training, 
sufficiently qualified to obtain the best results from his 
steam-raising plant, his only concern ey being to 
maintain the steam pressure at its proper level. In tact, 
I have heard the steam-service engineer in charge oi 
@ very important plant in this district express the 
heartiest contempt for the atmosphere of ‘economy 
craving ”’ to be found in electric power houses. 

The economies obtained by pertected lagging, stoppage 
of steam leakage both from pipe joints and past engine 
pistons do not reach the root of the matter, which lies 
with the generation of steam in the boiler, and it is here 
that the greatest saving can be effected. It is very 
common indeed to see boilers unprovided with any means 
of operating the dampers from the firing floor, and this 
in itself is sufficient to indicate that the plant is not giving 
its best efficiency. The secondary air supply arrange- 
ments are also often very ineffective. These are only 
two points among many, and I have no hesitation in 
asserting that any installation of boilers, say of 10 
upwards, should be in charge of a properly qualified 
engineer who has specialised in this class of work and 
is therefore acutely conscious of the importance of 
many points which to the general engineer may appear 
quite insignificant. 

Meanwhile, if all engineers in charge were to make 
themselves thoroughly conversant with the use of 
pyrometers, draught gauges and the Orsat apparatus 
and the deduction to be drawn from the indications oi 
these instruments, we should without doubt see a con- 
siderable improvement in the efficiency of boiler plants 
as a whole. 

Yours truly, 
Cuas. F. Wave, A.M.I1.E.E., 
(Boiler and Fuel Economy Expert). 
Sheffield. 





To tHE Epitor or ENGINEERING. 

Srr,—I have read with interest Mr. Anderson's letter 
in your issue of to-day and take this, the first, opportunity 
of hoisting the white flag and saying I am sorry I mis- 
unders his remarks relative to stokers, as evidentl 
we agree they are on the whole jolly good fellows. Wit 
reference to Mr. Anderson’s comment op Lancashire 
boilers, however, I maintain if such are seated and worked 
on the lines indicated in my letter to ENGINEERING, 
August 30, the Lancashire boiler can be worked as 
efficiently as the majority of water-tube boilers. 

Mr. Anderson’s reference to the Yorkshire boiler 
compels me to speak on a subject I have refrained from 
mentioning in my previous letters, not for any other 
reason, however, than that of a natural objection to 
introduce into a public discussion the personal element. 
I would now, however, state, that it is due to the high 
duty and efficiency secured with the Yorkshire boiler 
that I have been able to establish a law which, when 
—_— to —— boilers, increases as a rule their 
efficiency fully 10 per cent. without in any way impairing 
the hourly duty (see Tables ‘‘ A”’ and *“‘ B”’ given in my 
letter, September 28). In the Yorkshire boiler the ratio 
of grate area to outlet from the furnace flues is 1-8 to 1, 
and this applies to all sizes of boilers, whereas in the 
Lancashire fitted with standard grates the ratio ranges 
from 4 to 1 in a 7-ft. diameter boiler to 2} to 1 in a 
boiler 9 ft. in diameter, thus making uniform duty per 
square foot of grate in different diameter boilers 
impossible. 

Once the fact is fully recognised that a ratio of 2 to 1 
between grate and outlet from the furnace flues in a 
Lancashire boiler gives the higher efficiency and makes 
black smoke impossible the coal consumption in this 
country will drop many millions of tons per year. 

ie. Mvownlie’s report, July 12 and 19, gives a range 
of over 30 per cent. between the efficiencies of hie 
minimum and maximum tests, and my own results 
during the last few months verify his figures. 

Seeing that we have a few Lancashire boilers well 
seated and designed and working on scientific lines. 
giving over 80 per cent. efficiency, we cannot say there 
is any fault in the boiler itself, as in over 80 per cent. 
of our steam plants the fault will be found entirely due 
to the grates being too big for the outlets for the gases 
at the end of the boiler furnace flues. 

Yours faithfully, 
W. H. Casmey. 

Milnthorpe, Wakefield, November 18, 1918. 





WOMEN IN THE DRAWING OFFICE. 
To tHe Eprror or ENGINEERING. 
Srn,—It is pleasant to find that Mr. Morgan has taken 
my ettempt to prevent a misunderstanding in such good 





has been misreported. The statement to which we took 
excepti ppears in ENGINEERING as, ‘‘Women are 
specially suitable for such semi-skilled operations as 
tracing and draughting,” whereas in a copy of his paper 
which Mr. Morgan has sent me it appears, “‘ Women are 
specially suitable for such skilled, and semi-skilled 
operations, &c.,’’ which, of course, is a very different 
thing. Later on Mr. Morgan emphasises the necessity 
for preliminary training, and I note that he speaks only of 
“*junior’’ draughtsmen. 
Whether, in the interests of the engineering industry 
it is desirable to employ women as junior draughtemen 
when it is not anticipated they will develop into seniors, 
is open to serious question, because if they are crowded 
out of the junior ranks, one wonders where the senior 
draughtsmen are to get their early experience. If 
I may say 60, this is a tendency noticeable throughout 
the paper—a tendency to look at the problem merely as 
one of the emplo nt of women, and not so much as 
of the future efficiency of the industry as a whole. 
Yours faithfully, 
Ernest H. WALKER 
(Chairman National Executive). 
61, Claverton-street, 8.W.1, 
November 18, 1918. 








To tHe Eprror or ENGINEERING, 

Str,—I have studied Mr. Ernest Walker's letter 
in your issue of November 8 with a great deal of interest, 
more especially his stirring call “ladies . . . look 
up your mathematics, your mechanics, your geometry.” 
I can only suppose that he is not aware that several 
women have taken engineering degrees at the universities, 
and that they are now engaged, in connection with 
engineering and aeroplane work, in mathematical caleu- 
lations of which many draughtemen would be jvatly 
proud. With regard to their work in the drawing office, 
it is true that women have, until a few years ago, been 
debarred from obtaining the necessary shop experience, 
but this handicap does not apply to the same extent 
to some of the calculating work which in many firms 
is carried on in connection with the drawing office. 

I have several examples of such work done by women, 
which I shall be very pleased to show to Mr. Walker. 

May I say, in conclusion, that I cordially welcome 
his statement that women will be employed willingly 
as draughtswomen when they can do the work of 
draughtsmen ; can I conclude from this that they are 
eligible for membership of the Association of Engineering 
and Shipbuilding Draughtsmen on the same terms as 


men ? 
Yours faithfully, 
Racuet M. Parsons. 
1, Upper Brook-street, W.1, November 19, 1918. 





Export Prices or SteeL.—The Minister of Muniti 
has given notice that all deliveries of stee) for export 
shall continue to be made at prices fixed by the Minister. 
Information as to the export prices ruling on and after 
November 18 will be obtainable on ye to the 
Ministry of Munitions (Controller of Iron and BSteel 
Production), Whitehall Place, 8.W.1. 








RELAXATION OF Petro. RestrictT1ons.—The Board of 
Trade, after consultation with the Petroleum Executive, 
announce that it will not be possible for some time to 
withdraw entirely the restrictions on the use of petrol 
for driving motor vehicles. H.M. Petroleum Executive 
are making arrangements to provide as quickly as 
possible increased supplies of petrol to be distributed 
by the Petrol Control Department for civilian purposes. 
The assumption that the cessation of hostilities would 
:esult in an immediate increase in the quantity of petrol 
available for civilian consumption is ill-founded. 

a matter of fact, the conditions resulting from the 
armistice have already involved a material increase in 
the consumption of petro] in connection with the Arm 

in France, and the increased heavy demand in this 
respect will continue for some little time. On the other 
hand, it will take some time so to adapt the shipping 
position as to enable increased supplies to be brovght 
into the country. Arrangements are being made at 
once for the transfer of ships which have been carrying 
fuel oi] to the purpose of carrying petrol, but on account 
of the necessity for cleaning the ships it will be several 
weeks before they will be ready. In the meantime, 
having in view the greater facilities which will be avail- 
able for increasing the petrol stocks later on, the Board 
of Trade will be able to some extent to relax the restric- 
tions at an early date. It is therefore proposed that : 
(1) The Motor Spirit (Consolidation) and Restriction 
Order, 1918, shall be modified so as to permit, on and 
after December 1 next, the use of motor spirit by licence- 
holders for driving motor vehicles of any type for all 
purposes within a radius of 30 miles of the place of resi- 
dence or business of the licence-holder. So far as journeys 
beyond this radius are concerned the restrictions will for 
the present remain in force. They will, however, be 
removed entirely as soon as it is ible to do so. 
(2) After Janvary 1 next, if the condition of the stocks 
of motor spirit at that time permite, the Petro] Control 
Department will be prepared to ider application 
from owners of commercial and public utility vehicles 
for an increase in their present allotments. Applications 
for licences wil] also be considered from owners of vebicles 
of this t who do not at present hold licences. It is 
also ‘anticipated that, within a short period afterwards, 
the de ment will be in @ position to consider arplica- 





tions for licences from private vehicle owners who do 
not at present hold licences, and for increased allotments 
in the cases of existing licence-holders. It must be 
understood, however, that for some time to come motor 
spirit will only be obtainable under licence by the Petrol 





part. He is, moreover, quite right, since, apparently, he 


Control Department as hitherto. 
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THE WALLER SYSTEM OF REINFORCED- 
CONCRETE SHIP CONSTRUCTION. 
By W. Nosiz Twetverress, M.I.Mech.E., 

M. Soe. Ing. Civ. 

A portion of Lake Shipyard, Poole, has been 
allocated to barge building on the Waller system, 
Messrs. Hill, Richards and Co., Limited, being 
the contractors responsible to the Controller-General 
of Merchant Shipbuilding, while the supervision of 
the work devolves upon Captain J. H. de W. Waller, 
D.S.O., R.E., in pursuance of an arrangement made 
by the Admiralty and the War Office. Captain 
Waller is a partner of Messrs. Delap and Waller, 
civil engineers, Dublin, and has made a special 
study of reinforced concrete construction both in 
the United States and in the British Isles. He 
acted as one of the engineers on behalf of the 
Waterford Bridge Committee during the con- 
struction of the ferro-concrete bridge over the 
River Suir, between Waterford and Ferrybank, 
and since then has executed in reinforced concrete 
several important public works of his own design. 
Since the outbreak of hostilities he has been on 


open air on a series of concrete beds. The network 
of bars for each plate is assembled in a timber frame, 
the sides and ends of which serve as moulds for the 
edges of the plate. The upper face of each plate is 








PATFORMS FOR CASTING SLABS 














active service, mainly on the Eastern front, and 





department is equalled by the simplicity of work 
on the slipway. Inasmuch as the plates forming 
the sides, bottom and deck of the ship have been 
prepared and seasoned in advance, they have merely 
to be erected and stayed in place, and the only 
moulds required are those for the longitudinal and 
transverse members of the framework. In order 
to provide secure anchorage between the several 
elements, the plates are cast with the reinforcing 
bars projecting along all four sides, and arrange- 
ments are made for the intermeshing and inter- 
locking of these bars with those of adjacent plates 
and of members moulded in situ. Apart from the 
use of pre-cast plates in the manner which has 
been briefly outlined, a special feature of the vessel 
now under construction is the concentration of the 
main longitudinal reinforcement for withstanding 
hogging and sagging stresses, in the bilges and 
gunwales. The vessel is, in fact, designed some- 
what on the lines of a through girder bridge, the 
principal longitudinal stresses being taken by the 
parallel girders constituting the sides of the vessel. 

Similarly, the principal transverse stresses in 
the deck and bottom are resisted by the transverse 





"|frames. These points will be[appreciated more 








kig.2 


oacr pian 





has made various applications of concrete, both 
plain and reinforced, in structural works for military 
purposes. Having been struck with the possi- 
bilities of reinforced concrete in shipbuilding, he has 
devised a méthod of construction, the chief objects 
of which are to produce reinforced concrete of the 
highest possible quality and at the same time to 
reduce the cost of materials and labour by the 
employment of pre-cast plates in combination with 
frame members moulded in situ. Having brought 
this system to the notice of the Admiralty, Captain 
Waller received instructions to complete a design 
for an experimental vessel and to superintend 
its construction at the Poole shipyard. 

-Owing in part to the fact that materials are drawn 
from the stores in the main shipyard, and in part 
to the simplicity of the Waller system, the plant 
and equipment in the branch yard have involved 
comparatively little outlay, as may be judged on 
reference to the block plan in Fi,. 1. 

The slipway on the water’s ecge was constructed 
on the same principle as those in the other part of 
the .shipyard, and is. .connected. with the -works 
department by: means of a light railway. The 
buildings include offices for Captain Waller, drauyghts- 

~men-and clerks, a carpenters’, shop where timber is 

-\prepared for: use as framing and shuttering on the 
slipway, ‘a Dat-bending department with concrete 
platforms for verifying the profile of bars which 
have , been. -bent. to.-reqnired shapes, and a shed 
accommodating a concrete mixer. 

The pre-cast concrete plate’ are moulded in the 
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trowelled while still green, and after it has been 
covered with a coat of whitewash, the next plate 
is moulded upon it, the processes being repeated 
until the stack of plates has reached the limiting 
height for convenient handling.. The contractors’ 
line running down to the slipway is alongsidé’ the 
plate-moulding beds, and the plates are conveyed. to 
their destination on trucks of special desi 





The simple character 6f the plant in the’ work 


clearly by reference to the drawings reproduced 
as illustrations. 

Figs. 2 and 3 include a longitudinal section and 
half plans at deck level and water line of a 1,000- 
ton barge, Fig. 4, shows the accommodation for 
captain and crew. The vessel to which these 
drawings refer was designed so that flat plates could 
be used throughout, as an alternative to the adoption 
of specially curved plates for the bow and stern, 
or moulding these parts in shuttering. 

The design is further. illustrated by the cross- 
sections reproduced as Figs. 5 to 7. Being in 
general accordance with the plans and specifications 
of the Department of Merchant Shipbuilding, the 
barge measures 187 ft. 6 in. in length overall, 
32 ft. 10 in. in breadth at deck level, and 19 ft. 
in depth from deck to keel. It has three holds, 
two 46 ft. in length, and one 37 ft. in length, the 
mean width in each case being 29 ft. approximately. 
The fore peak with an intermediate deck provides 
accommodation for stores and a chain locker; on 
the upper deck a steam winch will be installed, 
and the usual provision is made for the anchor and 
other details. Immediately abaft the third hold 
is the boiler room, with the deck house, bridge, 
and boat platform above. Under the main deck 
behind the deck-house are the quarters for the 
captain, mate and crew, details of which are given 
in Fig. 4... 

The transverse bulkheads at the ends of the holds 
are built up of. pre-cast plates incorporated with 
countérforts, extended at the foot and head to a 
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members so clearly, and necessarily omit the top| the main and secondary reinforcement. An interest- 
and bottom booms of the girderlike construction of|ing departure from usual practice is the curved 
the side walls. form of the frames. This form is not only con- 

As before mentioned, the concentration of re-|ducive to strength but is considered by the designer 
inforcing bars along the bilges and gunwales, with | to distribute more effectively the deformation of the 
a suitable covering mass of concrete, is relied upon | frames and so reduce the tendency of the skin to 
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width of 4 ft. 6 in. from the vertical axis. The 
counterforts are spaced 4 ft. apart, transversely, 
and are in monolithic connection in each case with 
three of the transverse frames at the top and bottom 
of the hold. Consequently they form part of the 
main framework, and afford secure support for the 
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rupture. The upper cantilever portion provides 
support for the deck over the holds without the 
employment of either brackets or obstructive 
columns in the interior. The bars in the bilges 
and gunwales are of 2 in. diameter, those in the 
frames are of 1} in. diameter, and the secondary 
reinforcement consists of ties or stirrups made of 
Zin. rods disposed at varying intervals. The frames 
are 2 ft. 10 in. deep over the bottom of the vessel, 
the depth of the side arms ranging from 1 ft. 6 in. 
upwards, while the thickness is 5 in. throughout. 

Wherever shearing stresses permit such a course 
to be followed, the web of the frames is panelled 
to reduce the dead weight of material. The 
stringers in the midship part of the vessel are 
15 in. by 3 in. in cross-section, and they are rein- 
forced by 1} in. diameter bars and transverse links, 
as shown in Fig. 5. 

This drawing also shows the centre keelson in 
cross-section and represents some of the bulkhead 
counterforts in clevation with the top and bottom 
extensions in section. It will be noticed that the 
main bars are hooked at the ends for secure 
anchorage and disposed so as to provide for effective 
connection between different elements of the 
construction. 

Having briefly outlined the~ general character 
of the construction, we now come to some important 
details upon the efficiency of which depends the 
reliability of the Waller system of shipbuilding. The 
chief objection entertained by those who favour 
monolithic construction against the employment of 
pre-cast units joined together by frame members 
moulded in situ, is that the joints will most probably 
be broken by the hogging, sagging and twisting 
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seeea) : stresses that will be developed when the vessel 
ae Pinetree a mre" Be is in service on the sea. 

decking between, or at the ends of, the hatchway | for resistance to the principal longitudinal stresses. The reply of designers who have adopted the 
coamings. The upper and lower booms are connected by a web | pro-cast system is to the effect that joints actually 


The longitudinal section and the sectional plan|formed by the side plates, and the transverse | exist in all vessels which are theoretically mono- 





at water line in Fig. 2 make clear the arrangement 
of the transveise members of the main framework, 
decks, bottom and sideplates, bulkheads and interior 
partition walls, but do not show the longitudinal 


frames act as stiffeners, the frames being connected 
about half-way up by a continuous stringer. 





Figs. 5, 6 and 7 show the profile of the frames at 
different parts of the ship and the arrangement of 


lithic; that the positions of such joints are not 
predetermined but are governed by circumstances 
demanding the interruption of concreting work 
from time to time ; that the positions of the joints 
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Fig. 8. 
in the pre-cast system are always predetermined, 
thus permitting the surface to be arranged in the 
most suitable direction and giving opportunities 
for the disposition of interlocking reinforcement ; 
and that the joints so made are not less efficient 
than those occurring in what is called monolithic 
construction. In the case of the Waller system, 
the further reply is made that the principal stresses 
are resisted entirely by the main framework which 
is moulded on the monolithic principle, and that 
the plates, although helping by offering resistance 
to shearing stresses, are mainly intended to act as 
the skin of the vessel, being analagous to the plates 
of a steel ship. 

The bottom of the barge is formed of two rows of 
plates, 3 in. thick, each plate being 11 ft. long by 
3 ft. 6 in. wide, approximately, the end joints 
occurring at the bilges and centre keelson, and 
the side joints at successive transverse frames. 
The sides are formed of plates about 15 ft. 6 in. 
long by 3 ft. 6 in. wide by 3 in. thick, the end 
joints being at the gunwales and bilges, and the side 
joints at successive transverse frames. The deck 
plates are only 2 in. thick and are jointed at the 
gunwales and hatch coamings. The foregoing 
dimensions are those referring to the midship 
portion of the vessel, the length of the plates for the 
fore and aft peaks being in accordance with varying 
requirements, as shown by the typical sections 
given in Figs. 5 to 7. 

All the joints are in planes at right angles to the 
longitudinal axis of the vessel, and the edges of the 
plates are chamfered as indicated by the various 
small sections in Figs. 4 to 6, while the rods pro- 
jecting from the pre-cast plates along all four sides 
are bent up perpendicular to the plates and passed 
around the bars placed in position for the members 
which are to be moulded between the plates. 

The rods as so bent serve the purposes of holding 
the bars in correct alignment and of acting as web 
reinforcement in the members to be moulded, while 
at the same time establishing continuity between 
the two classes of work. Before the joints are 
made, the edges of the pre-cast plates are roughened. 
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Fig. 9. 


and the concrete afterwards deposited in the moulds 
are the frame members is thoroughly rammed into 
the spaces between the plates. 

In this and other systems embodying the employ- 
ment of pre-cast units, everything depends upon 
the care with which the joints are made, and 
practical data will in due course be available con- 
cerning the reliability of such methods under 
service conditions. In the meantime, it is interest- 
ing to know that a severe test conducted at Lake 
shipyard on joints made in accordance with the 
Waller system resulted in fracture of the concrete 
along a line close to and roughly parallel to the 
joints, but not along the joints themselves, a result 
showing the adhesion of new and old concrete in a 
distinctly favourable light. Practical construction 
at Poole on the Waller system is illustrated by the 
series of photographs reproduced on the present 
and opposite pages and on page 586. 

Fig. 8 shows the edge mould for one of the pre- 
cast plates with the reinforcing network in position 
and projecting at the sides and ends. Fig. 9 is a 
general view of 10 moulding beds and plates in course 
of being made, the contractors’ line running alongside. 

Apart from the saving of time and shuttering, 
the objects aimed at in moulding the plates in the 
manner described are to ensure the absolutely 
correct disposition of the reinforcement with a 
minimum amount of trouble and to obtain concrete 
of the highest possible quality and surface finish. 
By moulding on the flat, the concrete can be rammed 
to any extent desired, and the operations are open 
to inspection throughout. Moreover by trowelling 
the upper surface of the concrete while still wet a 
fine surface finish is obtained, and the imper- 
meability of the plate is greatly increased. 

An illustration of the last point, Captain Waller 
states that samples of a plate, 2 in. thick, finished 
under working conditions were tested and were 
found capable of withstanding a head of water of 
480 ft. for 2 hours without leakage, and after the 
expiration of that period, did not allow actual 
leakage, what took place being best described by the 
term “ sweating.” 
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| A head of 120 ft. of water failed to penetrate the 
| samples in five days, and on breaking the samples 
jafter the test, the penetration, as indicated by 
dampness, was not more than } in. at the deepest 
place. 

As the plates used for the bottom of a barge 
have to be placed in the ship with the trowelled 
surface below, the most convenient plan is to 
convey them to the slipway in the same position, 
and to facilitate the operation of turning the plates 
over, a simple form of apparatus, shown in Fig. 12, 
page 586, has been constructed near the mould- 
ing beds. Having been reversed by the aid of this 
machine, the plates are loaded upon trucks fitted 
with a frame of sufficient length for the support of 
the plates without risk of overstrain. The plates 
on the trucks shown in Fig. 13, page 586, are 
actually side plates, but a similar method of trans- 
portation is adopted for the bottom plates. 

The concrete mixer and bar-bending shop are 
quite close to the moulding beds, and the con- 
tractors’ line has proved very convenient for the 
conveyance of all kinds of materials to the slipway. 
When a sufficient supply of plates has been manu- 
factured in advance, the work of actual construction 
at the slipway is started, the first operation being 
to place the bottom plates on timbers laid along the 
series of concrete cross walls. In Fig. 14, page 586, 
some of the plates may be seen in position at the 
shore end of the slip, but the plates are less promi 
nent in this view than the forest of turned-up bars 
projecting from their edges for incorporation with the 
reinforcement of the frames to be moulded in situ 
at a later stage. It will be noticed in this view 
that there are a series of cross walls on which are 
placed bilge blocks of concrete which are used to 
support two lines of longitudinal timbers. On 
these timbers are placed the bottom plates of 
the barge, no shuttering of any kind being 
required. While the work of laying the bottom 
plates is going on, profiles defining the outlines 
of the vessel are being erected, the temporary 
framework providing for the support of the 
side plates which are brought from the moulding 
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yard on trucks of the type already illustrated. 
To facilitate the hoisting of the side plates, two 
2-ton travelling derrick cranes are employed, 
running on tracks laid on either side of the slipway, 
the two stages in the operation being shown in 
Figs. 10 and 11. It should be noted that the pro- 
jecting bars are carefully bent in the required 
direction before leaving the moulding yard, loops 
being made by the aid of templates for the insertion 
of the vertical bars near the outer face of the trans- 
verse frames. 

Fig. 15, on page 586, is a view taken from the 
water end of the slipway, representing the interior 
of the barge with all the bottom plates and nearly 
all the side plates in position. The next operation 
is the assembly of the reinforcement for the main 
longitudinal and transverse members, and after 
that the concreting of the framework. Fig. 16, 
annexed, is an interior view showing a number of 
the transverse frames concreted nearly up to deck 
level. 

On behalf of this system it is claimed that a 
considerable saving in timber and skilled labour 
can be effected because the whole of the skin shutter- 
ing is eliminated, and that unskilled labour is also 
economised because the concrete of the plates is 
deposited at ground level poured quickly into open 
moulds, instead of being inserted and rammed with 
some difficulty between double shutters already 
packed with steel. It is stated that on a 1,000-ton 
barge, 40 men working at once is an ample number, 
this being due to the fact that the whole of the skin 
is prepared independently of the work’on the 
slipway. 

In a barge of 1,000 tons deadweight capacity, some 
200 plates are required. On each moulding bed, 
one plate can be cast daily. Therefore, if 40 beds are 
available, the plates for the entire skin, including 
bottom, side and deck plates, could be produced in 
six working days. Experience on the barge now 
approaching completion indicates that the rein- 
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forcement for the transverse frames can be assembled 
at the rate of four frames a day by a gang of eight 
men, assumitig that the bars are supplied ready 
bent to the required form. Consequently it is 
believed that it will ultimately be possible to erect 
and concrete the hull of a 1,000-ton barge in six 





weeks, providing the requisite supplies of pre-cast 
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plates and prepared bars are forthcoming from the 
works department of the yard. 
| The barge now in hand will have taken very 
|}much longer, owing to various delays connected 
| with the equipment of the yard and the organisation 
| of work generally. 
} 








'THE OCCLUSION OF GASES BY METALS. 
(Concluded from page 564.) 


| _Iy concluding our comments upon the discussion 
| of gas occlusion by the Faraday Society, we shall 
| have to deal very briefly with some of the numerous 
| communications presented, and to save space we 
|shall group the contributions as far as possible. 
To exemplify the reality of the problem Sir Robert 


Hadfield had brought up two ingots of absolutely 


| the same kind of mild steel, the one rendered sound 
by the addition of 0-2 per cent. of aluminium, the 
other honeycombed. He also mentioned an incident 
from his own life. His father had made hydraulic 
cylinders, sound and free from blowholes; they 
were sent out to India, tested, and yet found to leak 
under pressure of 3 tons per square inch subse- 
quently ; no investigation was possible at the time 
in India, and the matter was financially very 
serious. It was afterwards established that the 
1 per cent. carbon steel had been annealed, and 
that 0:4 percent. of the carbon had turned into 
graphite. 

The question of brittleness was first raised by 
Professor Porter, who showed that a piece of 
cobbler’s wax, not a solid at all in the ordinary 
sense, flew to pieces when thrown on the table. 
Whether or not a substance would appear brittle 
| was @ question of time, he stated; if the wax had 
| time to adjust itself to the stress, it would appear 
| viscous; under rapidly-applied stress it was a 
| brittle solid. Dr. W. H. Hatfield brought the 
| discussion back to iron again. Iron containing 
hydrogen was considered brittle, he said; but all 
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iron did contain hydrogen, it was a question of 
amount. With galvanic corrosion the acid ate 
into the crystalline boundaries and thus rendered 
the steel brittle. As regards silicon, manganese 
and aluminium, they really had a pronounced 
influence on the retention by steel of gases in 
freezing, favouring that retention ; it was not that 
they prevented the occlusion of gas. He had made 
50 castings from one ingot; the first were sound, 
the last tull of blowholes, and that was explained 
by the change in the actual casting temperature. 
He had never noticed blowholes in a cast-iron 
containing more than 0-4 per cent. of silicon; they 
were formed when the mould had not properly been 
made or was damp. 

Referring to his recent lecture on diamonds, 
Sir Charles Parsons described some very interesting 
new experiments on forcing gases under a pressure 
of tons into cast-iron fused in a crucible within an 
electric furnace. Carbonic dioxide did not seem to 
produce any change in the structure. Coal gas and 
hydrogen had very remarkable effects; the iron 
swelled to nearly double its volume, and the graphite 
was segregated intoalayer. The hot iron afterwards 
was white and brittle, near the melting-point it 
looked mottled. Dr. Hatfield had found very little 
hydrogen in this iron, but had suggested that the 
hydrogen permitted a very rapid growth of the 
graphite through the metal in less than half a minute. 
When iron was heated in a furnace in air, and then 
rapidly heated up again in a vacuum, the gas came 
out so violently that the metal was thrown about. 
There was evidently some action between the 
graphite and hydrogen. This view was afterwards 
confirmed by Dr. H. E. Armstrong, who went 
further by asserting that graphite was not merely 
a form of carbon 

Dr. W. Rosenhain’s communication on the 
“ Occlusion by Aluminium and its Alloys,” diverted 
the discussion for a time into other channels. He 
dwelt upon a fact which confronts the inquirer into 
these problems, viz, that rising temperature may 
apparently favour both the absorption and the 
liberation of gas. Dr. Rosenhain pointed out that 
the absorption might occur when the metal was 
liquid and hot, and when it was solid and cold; 
the two phenomena were of different orders. The 
absorption by molten metals did not follow the 
ordinary rule of gas absorption by liquid; gas 
solubility generally decreased as the temperature 
rose, but according to A. Sieverts* the solubility of 
gases in certain molten metals increased as the 
temperature was raised. That was very curious, 
and seemed to show that the phenomenon was not 
merely physical, but that chemical compounds 
such as nitrides, hydrides, &c., were formed, which 
were more stable at higher than at lower tempera- 
tures. But even that was not readily understood, 
since in most cases very high temperatures tended 
to bring dissociation of compounds in which a 
gaveous element was concerned, rather than asso- 
ciation. The point was fundamental, and should 
further be investigated. When a metal in equi- 
librium with its atmosphere was allowed to cool, 
did the metal lose gas continuously as its tempera- 
ture fell, or did it become supersaturated and part 
with its gas suddenly at or near the freezing point ? 
Watching aluminium and its alloys, he had not 
noticed any gas evolution until the metal began to 
solidify. Before that gas bubbles could plainly 
be seen running underneath the tough skin of the 
metal; then effervescence set in and lasted until 
the metal was quite solid. If the gas were to remain 
in the metal after solidification, it could not be 
retained in distinct particles, but only in solid 
solution. A crystal of a solid solution wes regarded 
as being built up more or less indiscriminately, of 
the atoms of the solvent metal and of the dissolved 
substance, and could only form when the atomic 
volumes of solvent and solute were not very different, 
and when the two could crystallise together. If 
that were so, crystals built up of metal and hydrogen 
were difficult to conceive, and the crystals could 
hardly contain much gas in solid solution; that 
would account for the fact of the gas being evolved 
at the moment of crystallisation. On the other 
hand, solid metals were known to contain gas. 





* Zeitschrift fiir Riektrochemie, 1910, p. 707 to 713 


Where then was the gas in the molten metal? 
He suggested, in the intercrystalline cement, which 
need not necessarily be in the same atomic or 
molecular condition as the mass of the cooled liquid. 
Those films of undercooled intercrystalline liquid 
might be the vehicles and carriers of the gas which 
was freely dissolved in the crystalline aggregate. 
A small percentage of bismuth made most metals 
brittle, though their individual crystals were 
perfectly ductile. With regard to iron, the critical 
temperature came in because below A, the iron 
existed in the alpha form, which was incapable of 
dissolving carbon. After prolonged exposure to 
carbon monoxide at temperatures below A, there 
were traces of carburisation along the crystal 
boundaries. 

As regards brittleness, brittle steel was not brittle 
like cobbler’s wax, which was a brittle liquid. All 
liquids, water in particular, were brittle, hard and 
strong, shattered by blows and difficult to rupture 
except by stresses exceeding certain limits depending 
on temperature. In a brittle crystalline aggregate 
the viscosity: of the intercrystalline cement might 
have been altered ; he had some evidence supporting 
that. But there was a time factor in the strength 
of metals, which was subject to the influence of 
impurities and of physical treatment which affected 
the intercrystalline cements. From that point of 
view the effect of gases might be looked for in the 
reduction of the strength or viscosity of the cement 
rather than of the crystalline material. 

Dr. A. G. P. Gwyer gave further particulars about 
the experiments on the occlusion of gases by 
aluminium and its alloys conducted at the National 
Physical Laboratory. When rolling certain bars 
into sheets they had noticed exceptional blistering ; 
the gas in the blisters varied much in composition, 
the volume percentages being: CO, 4 to 8, CO 
nil to 9, methane | to 24, hydrogen 55 to 81, nitrogen 
5 to 11, little oxygen. That aluminium had given 
much trouble and had to be worked all through to 
just below the melting-point. The gas figures 
accorded with those of Sieverts and also those of 
French workers on aluminium with 3 per cent. of 
copper, except that the latter observed very high 
pertentages of CO, from 7 to 66, in a copper-alloy 
which was badly corroded by exposure to the 
atmosphere. In general hydrogen predominated ; 
this was so also in the gases which Guilleman and 
Delachanel found in tin, bronzes and blistered brass. 
According to Sieverts the solubility of hydrogen 
was at a given temperature proportional to the 
square root of the pressure, and the temperature 
coefficient was different for the solid and the liquid 
metals. 

Professor C. V. Boys mentioned an experiment of 
Dr. Percy’s which he had himself often watched. 
When a liquid silver bead was cooled it generally 
spit and silver was lost ; when the cooling was very 
slow, it did not spit. 

A good deal was said about this spitting, notably 
by Sir Thomas Kirke Rose, of the Royal Mint, who 
had prepared a paper on “ Occlusion by the Noble 
Metals,” but who said that he would not read it 
because most of his points had already been raised. 
Referring to Dr. Rosenhain’s remarks on gas absorp- 
tion increasing with a rise of temperature, Sir 
Thomas said that any such compounds formed, ¢.g., 
oxide of silver, were endothermic. According to Le 
Matelier’s Law, any change in the factors which 
determine an equilibrium causes the equilibrium 
drum to be displaced in such a way as to oppose 
the effect of the change. The latent heats of fusion 
and of volatilisation supplied examples. If the 
temperature of an ordinary exothermic compound 
were raised, the compound tended to be decom- 
posed; that caused absorption of heat which 
tended to stop the rise of temperature. In the case 
of an endothermic compound like silver oxide and a 
system containing silver and oxygen, a rise of 
temperature caused the compound to form and so 
tended to produce an absorption of heat. When the 
temperature fell the oxygen was, according to 
Rosenhain’s experiments on aluminium, unable to 
leave the metal until solidification took place, when 
it escaped all at once. Dr. Rosenhain’, Sir Thomas 
remarked, was perhaps thinking of what occurred 
when a metal was cast. If h were 





passed 
through molten copper and the metal left until it was 





quiescent and then cast into an iron mould, 
there was a tremendous evolution of hydrogen 
and showers of bright globules of copper came off ; 
that hydrogen must have been absorbed by the 
copper or have combined with it. If the copper was 
left in the crucible, however (not cast), that brilliant 
coruscation of globules was not seen, though there 
was a slight ebullition. As regards the spitting 
of silver, that was never seen with slow cooling of 
the silver in the shut-off furnace. With respect to 
brittleness, Sir Thomas thought that the cobbler’s 
wax had its analogue in metals. Gold bars were not 
pure gold, but contained a little lead, sometimes 
bismuth ; that impurity made the metal brittle, 
unsuitable for rolling. When brittleness was sus- 
pected the bar, ready for rolling, was put in a vice 
and hit with a hammer ; if brittle it broke off like a 
carrot (instead of bending) and such a bar might 
split to pieces on rolling. There was, however, an 
intermediate stage; the bar might break off and 
yet roll down without annealing. Under gradual 
rolling it extended into a strong thin plate, quite 
malleable and good for working. 

Sir George Beilby commented upon experiments 
by Rose and others on the influence which hydrogen 
had on the crystallisation temperature of gold ; the 
absorption of hydrogen might lower the temperature 
by many degrees, he said. To this Sir Thomas Rose 
replied that gold was ordinarily melted in a coke 
furnace or in a gas furnace and cast in air, and had 
thus opportunity to absorb both hydrogen and 
oxygen. Gold thus prepared differed in properties 
from gold cast in hydrogen. 

Referring to the general problem Professor H. F. 
Armstrong, F.R.S., remarked that he regarded dis- 
solution as a chemical phenomenon, and combina- 
tions as conclusions which were complete only under 
particular temperature conditions. Silver dissolved 
oxygen because it formed at high temperature some 
oxide otherwise unknown; when the temperature 
had fallen to a certain point, modification and spit- 
ting began. It was not a mere decomposition but 
an interaction leading to the formation of different 
molecular forms of oxygen and of silver. Most gas 
occlusions of metals seemed to be of that nature. In 
the case of iron there might further be a greater 
affinity of CO for iron at higher than at lower tem- 
perature. The resolution of alcohol into aldehyde 
under the influence of copper was another instance 
of interaction. Mr. E. H. Rayner suggested that 
the oxygen squeezed out because the molecules of 
silver had, at low temperature, a greater tendency to 
combine with one another than with oxygen; it 
was not because the silver oxide became unstable in 
the solid, but the phenomenon was due to the silver. 
Professor Armstrong accepted this suggestion. 

Dr. R. E. Slade demonstrated by, the aid of 
diagrams that the sudden liberation of gas from 
silver, even with slow cooling, was in accordance 
with the cooling curves of silver and silver oxide.) 

Dr. J. A. Harker referred to the influence of 
occluded oxygen on the melting of silver. This was 
one of the most marked cases, and the phenomena 
were perfectly definite. If a considerable mass of 
silver were melted in a reducing atmosphere and the 
cooling curve determined under favourable con- 
ditions in an electrically-heated furnace, it was 
possible easily to prolong the time of freezing to 
15 minutes or 30 minutes, and during the whole of 
this pericd the temperature might not change 
as much as one-tenth of a degree. But if oxygen 
were present, such as was the case when the silver 
had been previously melted in an oxidising atmo- 
sphere, the halt on the cooling curve was much less 
pronounced and the freezing began at a temperature 
about 6 deg. lower than when the metal was com- 
pletely reduced. The eutectic in this case, probably 
a solution of one of the oxides of silver in silver froze 
at about 955 deg. 

Dr. Harker had also observed a very marked 
effect of occluded gas in the melting of iridium. 
When a strip of iridium was heated in an indifferent 
atmosphere to its melting-point by low-voltage 
alternating current, at temperatures from 1,500 
deg. C. upwards, negatively charged particles in 
rapidly increasing number were emitted from its 
surface, and at the melting-point under high 


ification, the phenomena presented w.re very 
remarkable; the surface of the metal, though 
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remaining bright and polished, showed all the 
phenomena of a kind of volcanic eruption, violent 
evolution of gas taking place and escaping through 
miniature craters distributed over the surface. 
The matter emitted was negatively charged and the 
evolution of gas was accompanied by a very large 
increase in the negative emission. 

Dr. Aitchison mentioned several observations of 
his which seemed to be incompatible with the 
suggestion of the formation of intercrystalline 
compounds. When he put a piece of grooved, 
carefully machined steel inside a steel tube and 
submitted it to cementation, the cementation would 
be perfect in some parts, but not in others, and he 
did not understand how the CO, which reacted in 
some parts, came out as such in others; was it 
supposed to pass through the intercrystalline cement 
as through a filter? Further, in carburisation 
the addition of very little ammonia (half a per cent.) 
increased the rate of absorption of CO more than 
twenty-fold. Both these observations did not 
accord with any partial pressure theory (Mr. Johns), 
nor did the fact that in pickling the maximum 
effect was obtained with the most diluted acid. 
It was also peculiar that one could pickle steel 
in acid both as kathode or as anode, the deleterious 
gas-absorption effect being the same also in an 
alkali bath. 

Mr. C. R. Darling mentioned some interesting 
experiments of the American Electric Welding 
Committee, in conjunction with which a committee 
over here was now working, he stated. When 
welding iron with the arc, the iron being the negative 
terminal, the weld was defective if the iron had 
previously been pickled in acid, but sound, if pickled 
in alkali; the arc heating thus did not change 
peculiarities due to the pickling. Under certain 
conditions nitrogen was absorbed during the 
welding, probably as nitride (Desch), and the weak- 
ness of the weld had generally been ascribed to the 
nitride; but the committee had found that welds 
rich in nitride might be strong. Considering the 
high temperature of the arc, it was difficult to imagine 
how the nitrogen got into the iron. When sulphur 
was present in iron plates to be welded, the metal 
was seen to boil and froth; the nature of the 
escaping gas was not established yet, but the weld 
was unsound, whilst sulphur in the are electrode did 
not seem to matter. Mr. Darling further related 
that during his thermoelectric experiments (brought 
before ‘the Physical Society) he had noticed that 
antimony, the true boiling-point of which was near 
1,400 deg. C., began to boil already about 800 deg. C., 
giving off a tremendous amount of gas; he had 
found that with antimony from various sources. 

Dr. H. C. Greenwood referred to the formation 
of blisters on iron. Sometimes the blisters con- 
tained hydrogen. When iron was heated in nitrogen 
at high pressure (1 ton per square inch) he had 
noticed that large blisters developed. Ordinary 
(impure) silver produced blisters when cooled in a 
reducing atmosphere, owing to the presence of 
cuprous oxide in the silver. As regards pickling in 
alkali, Stromeyer had recently found that steel 
heated in strong caustic soda near 100 deg. or 
200 deg. O. had its strength increased, whilst the 
impact figure was considerably reduced ; the action 
was confined to a certain depth of penetration. 

Dr. Wilsmore questioned the statement that the 
solubility of gases generally decreased with rise 
of temperature. That seemed to hold only for 
water; but solubility data were scanty, and water 
was not a normal liquid. The decrease in solubility 
seemed to be due to the well-known change in the 
molecular structure of water, which could exist as 
hydrol (H,O), dihydrol and trihydrol. That might 
have a bearing on the solubility of substances in 
water. Other substances (organic, e.g.) generally 
became better solvents at higher temperature, and 
silver, dissolving more oxygen at higher than at 
lower temperature, seemed to follow their analogy. 

The contribution by Dr. H. A. Bumstead, who 
had come over from the United States, referred to 
surface films and to the action of so-called 3-rays 
on them; we dealt with these researches of 


Dr. Bumstead on page 531 ante. 

Both Dr. Taylor, who gave instances of the con- 
tradictory results of various observers, and Mr. 
Cosmo Johns, who suggested that experiments 


should be made on occlusion by strained and by 
unstrained metals, and that further experiments 
on pure metals, not industrial metals, were needed, 
raised a very important point, upon which Dr. H. 
Borns further dwelt in a brief contribution. The 
whole experimental basis of the problem is un- 
satisfactory, he pointed out, and if a committee 
were to be appointed, it might deal with the 
experimental methods in the first instance. The 
various observers diverge widely, quantitatively 
and qualitatively, the determinations both of 
occlusion and of liberation of gas are exceedingly 


difficult, because influences of the gases given off| Low 


and absorbed by parts of the apparatus not actually 
under test, can hardly be excluded, and the in- 
formation given as to methods of determination, 
gas pressure and temperatures and analytical 
methods is mostly insufficient. J. E. Johnson and 
L. Selmi suggested in 1916 that foundry iron was 
made stronger by the presence of oxygen; how 
they determined the fractional percentages of 
oxygen was not clear. The method of Ledebur— 
the only one available for this purpose—was 
recently improved by Oberhoffer,* but was hardly 
reliable yet. The determination of occlusion was 
mostly made by heating the specimen in a 
vacuum. In order to avoid contamination of the 
substance by chemical reaction with the furnace- 
material, W. Austin tried, in 1912 direct electric 
heating and fusing by passing the current through 
the specimen rod, forming the axis of a steel 
cylinder; he found little gas and some of that 
might possibly have come from the cylinder which 
was heated by radiation. There was the further 
difficulty of gas evolution from the leads. In their 
most recent experiments G. Alleman and C. J. 
Darlington,t of Pennsylvania, therefore, returned to 
electric heating up to 1,900 deg. C. in quartz or 
alundum tubes, the specimen being placed in a boat 
of quartz or platinum. The gases were drawn off 
by a mercury pump, while the wide jacket surround- 
ing the tube was joined to a molecular pump. The 
many ferrous metals they tried gave off gases (up 
to 200 volumes) in the order hydrogen, carbon mon- 
oxide, nitrogen (last); whether oxygen was present 
as such or formed by reaction, was left undecided ; 
there was some chemical reaction with the boat. 
They gave no information as to their method of 
analysis, but recorded some curious observations. 
It is known to wire-glass makers that the iron 
wires become covered with gas bubbles in the 
melting glass. This Alleman and Darlington 
observed with iron wire, but not with nickel wire. 
Yet when they wound a quartz tube with nickel tape 
and sent the current through the nickel, they found 
on the inside wall of the tube (which was empty) 
a spiral black deposit corresponding to the tape 
convolutions outside, as if some CO or CO, had 
been driven from the nickel through the hot quartz 
and been decomposed. 

Other methods have been used. C. G. Miiller, 
in 1878, drilled the specimen under water or under 
oil, to avoid any decomposition of water, by the 
heat of the drilling; he obtained more gas when 
he used a blunt drill than with a sharp drill; but 
objections were raised against the method by J. E. 
Stead and others. There is no method free of 
objection, and it may not be possible to devise one. 
If there were, we might learn something about pure 
metals. 





Exrgar ScHOLARSHIP IN NAVAL ARCHITECTURE AND 
**Eart or DunHam’’ Prize.—A scholarship designated 
the ‘‘ Elgar Scholarship in Naval Architecture’’ will be 
offered for petition g students of the Institution 
in 1919. All students (being British subjects) who have 
been elected at or before the annual general meeting of 
the Institution (April 9, 1919) will be eligible for this 
scholarship. The scholarship is of the annual value of 
100/., and is tenable for three years. A prize of books 
or instruments to the value of 51., offe by the Earl 
of Durham, will be awarded by the council to the candi- 
date next in order of merit to the winner of the scholarship 
or to such other competitor as, in the opinion of the 
council, may deserve the award. All communications 
with respect to the scholarship should be addressed to 
the Secretary of the Institution of Naval Architects, 
5, Adelphi-terrace, London, W.C. 2. 








* See Enctumenine, May 18, ae ae 484, and 
May 17, 1918, page 562, as to Johnson berhofier. 

+ Journal of the Franklin Institute, February to April, 
1918. 








NOTICES OF MEETINGS. 


University or Lonpon, Universiry CorriecE 
ENGINEERING Sociery.—Friday, November 22, at 
5.15 p.m., paper by Mr. E. N. Varian on “ Agricultural 
Machines.”” Friday, November 29, at 5.15 p.m., paper 
by Mr. H. 8. Kleinberg on “‘ Industrial Reconstruction.”’ 


Tue Puystoat Society or Lonpon.—Friday, Novem- 
ber 22, at 5 p.m., at the Imperial College of Science, 
me Institute-road, South Kensington, London, 
8.W. Agenda: (1) “Cohesion” (fifth paper), by 
Mr. Herbert Chatley, D.8c. ; (2) ‘‘ Note on the Linguistic 
Nomenclature of Scientific Writers,” by Mr. A. Campbell, 
B.A.; (3) “‘A Method of Comparing Tuning Forks of 

ey and of Determining their Dampin 
'y 





Decrements,”’ Mr. A. Campbell, B.A.; (4) “ 
Note on aw Microphone Hummers,” b 
Mr. A. Campbell, B.A.; (5) cy 4 Simple Tuning For 
Generator for Sine-wave Alternating Current,” by Mr. 


A. Campbell, B.A. 


Tue MancuesterR AssociaTION oF ENGINEERS.— 
Saturday gm November 23, at the Grand Hotel, 
Aytoun-street, when a paper entitled ‘‘Conveyors in 
Relation to Engineering Works” will be read by Mr. 
W. H. Atherton, M.8c., M.I.Mech.E., Member: ‘Lhe 
Peper will be illustrated by lantern slides. ‘Lhe chair 

be taken at 6.30 p.m. 


Tae Junior InstituTIoN or ENGINEERS: NortTH- 
Eastern Section.—Tuesday, November 26, at 7.15 p.m., 
at the Mining Institute, Neville-street, Newcastle-on- 
ES se Paper on “Boilers, Coal and Gas-Fired,’’ by 

essrs. E. F. Oakford and 8. H. Moore. 

Tue InstiTruTion oF ELxctTricaLt ENGINEERS: SOUTH 
Mriptanpd OENTRE.—Wednesday, November 27, at 
7 p.m., at the University, Edmund-street, Birmingham, 
when Mr. J. H. Shaw, A.M.I.E.E., will read his paper 
entitled ‘‘ High Pressure and High-Temperature Stcam 
in Large Power Stations.” Copies of the above paper 
may be had on application to the hon. secretary. 


Tue Royat Society or Arts.—Wednesday, Novem- 
ber 27, at 4.30 p.m., Ordi: meeting: “* Drink Control 
in Various Countries,” b rd d’Abernon, G.C.M.G., 
chairman Central Control Board (Liquor Traffic). Sir 
Thomas Barlow, Bart., K.C.V.O., MD.. F.R.8., past- 

resident, Royal “yy of Physicians, will preside. 

hursday, November 28, at 4.30 pm. Indian tion: 
“Some Aspects of Hindu Life,” by Bhupendranath Basu, 
Member of the Council of India. The Most Hon. the 
Marquis of Crewe, K.G., will preside. 


Tue Brruincuam Metattureicat Sociery.—Thurs- 
day, November 28, at 7 p.m., at the Birmingham 
Chamber of Commerce, New-street. Paper by Mr. O. W. 
Ellis, M.8c., A.M.Inst.C.E. (Chief Metallurgist, Woolwich 
Arsenal), ‘‘The Mechanical Properties of the Alloys of 
Copper and Zinc as affected by Work.”’ 


Tue InstiruTion or Locomotivn EnGiInEERS.— 
Saturday, November 30, at 2.30 p.m. prompt, in Room 
No. 18, Caxton Hall, Westminster, a paper will be read 
by Mr. John Riekie, Member, London, on ‘* Compound 
Locomotives and Valve Gears.” 


THe wate Mr. JoserH Prarce StTockprRipGEr.— 
We regret to have to announce the death, which occurred 
last week at Newcastle-on-Tyne, after a short illness, 
of Mr. Joseph Pearce Stockbridge. Mr. Stockbridge 
was born in 1883 and served his apprenticeship course 
with Messrs. C. A. Parsons and Co., Limited, Heaton 
Works, Newcastle. He continued in service there until 
1910, when he was sent by the firm to Australia, to 
supervise the complete electric power station equipment 
of the Adelaide Tramways Commission, for which 
Messrs. Parsons were the principal contractors. In 
1912 he returned to England, and was subsequently 
entrusted with the management of the firm’s Close 
Works at Gateshead, and continued in that capacity 
after they were acquired by Sir W. G. Armstrong, 
Whitworth and Co., Limited, in 1915. Mr. Stockbridge 
was an Associate Member of the Institution of Electric al 

ineers, a member of the North-East Coast Institution 
of ineers and Shipbuilders, and of the British 
Foundrymen’s Association. 








Cuinese Suipspuitpinc.—According to The London 
and China Telegraph, — is gradually devcloping 
into an important shipbuilding centre. ‘he Nicholas 
Tsu Engineering and Shipbuilding Works on the 
Huangpu above the arsenal, a strictly Chinese plant 
solely Spy Be Mr. Nicholas Tsu, compradore of the 
Banque de I’ Indo-Chine, is now building two good-sized 
steel steamers for deep-sea work. While not the largest 
ships built in Shanghai, being 27 ft. shorter than those of 
the Solvaer class built for Norwegian owners by the 
Shanghai Dock and Engineering Company, which has 
] r vessels on the ways, the sister ships now being 
bailt at the Tsu works, which has turned out several 
steamers for Yangteze work, will be of approximately 
3,500 tons deadweight, and will measure 250 ft. banth 
between wen 262 ft. overall), 40 ft. beam, 
and 25-25 it. depth. Meanwhile, engines are being 
built also at the Tsu works, and if the boilers arrive 
from America in time the vessels should be ready for 
sea at the end of the year. The ships are from the 
designs of foreign naval architects, and are being built 
under foreign supervision, but the workmanrhip—thet 
is, the actual labour—is entirely Chinese. Not only are 
these ships being built in a Chinese-owned yard tl at is 
manufacturing its own engines, but, as afurthertestimony 
to the progressiveness of local Chinese, the vessels are to 
ms er of Mr. Ku Din-Tsiang, compradore of the Bank 
of Chosen, 
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RECONSTRUCTION. 


THe Hun has at last learned by proof direct 
that it may be much more difficult to make Peace 
thanit was to make War. Itis to be hoped that as a 
nation we shall not have a corresponding experience, 
and that the transition from war conditions to 
peaceful pursuits will be effected with smoothness 
and tranquillity. Could we depend upon the 
maintenance of the spirit which has united all classes 
of the community during the crisis now happily 
past, all would be well, but there is a danger that 
when what Kipling has called “ the ties of common 
funk” are released, the old quarrels will be recom- 
menced. The work before us is stupendous. In 
view of the enormous cost of the war in human life 
and suffering there is a natural reluctance to refer 
to the accompanying dissipation of accumulated 
capital, but this consideration cannot be safely 
slighted. We have been expending in the course of 
afew months the savings of many decades. New 
wealth must be created and that rapidly, if a 
reduction in the standard of well-being of the 
community in general and of the “common people ” 
in particular is to be avoided. We must produce 
more per head than ever before. Fortunately our 
recent experiences have shown that this should 
be easily possible, but the application of this 
knowledge will involve the scrapping of many 
strongly persistent prejudices and many hoary 
traditions. Unhappily, as the debate in the House 


ts, |of Commons last Monday proved, it is not only 


Bourbons that are incapable of either learning or 
forgetting, and in the work of reconstruction the 
nation will have to reckon with the opposition of 
those whose political and economic views are creeds 
rather than policies. Fortunately, such devotees 
are undoubtedly less numerous than they were. 
Sir Leo Chiozzo Money, it would seem, still cherishes 
his pristine belief that the whole of the industries 
of the country can be successfully administered by 
a bureaucracy and that key industries may safely 


ace|be sacrificed in the interests of immediate if 


temporary monetary gains. Others have, however, 
been much less impervious to the teachings of 
experience. Some two or three years ago a well- 
known London evening paper had the temerity 
to refer to our civil service as the envy of the world, 
but of late it also has been insistent on the freeing 
of industry from official leading strings and a 
reopening of the field of opportunity to that private 


5! enterprise which created the wealth that rendered 
695|the financing of the war possible. 


As Abraham Lincoln once observed, there are 
certain people that can be fooled all the time, 
and the all-the-timers still indulge in vast visions 
of nationalisation of every important industry. It 
is improbable that any bureaucracy in a demo- 
cratic country will ever attain the high average 
of ability which characterised the German general 





GAUGE). 


staff. A good average in certain departments of 


endeavour is, however, as little satisfactory as 
the good average of Mark Twain’s watch, and an 
English general has asserted that the Hun war 
machine was a first-class machine run by second- 
class men. The German general staff throughout 
the war saw with remarkable clearness the more 
obvious and immediate bearings of each particular 
problem that came under their review, but showed 
unparalleled stupidity in considering matters. as a 
whole. It was for example to Germany’s interest 
that the list of articles recognised as contraband of 
war should be reduced to a minimum, yet she 
treated wheat as contraband long before we did, 
having sunk wheat ships in the Pacific within a 
few weeks of the outbreak of hostilities. The crass 
stupidity of the submarine policy, which brought 
America into the war, requires no emphasis here, 
and many other equally flagrant instances of lack 
of insight could be cited. The attempt to conduct 
the war by our own bureaucracies was soon 
abandoned, and our success is undoubtedly attribu- 
table to the seeking out and securing for the 
common good the services of those whose ability 
had been established in the strenuous field. of 
private enterprise. 

In his speech last week, Dr. Addison commented 
on the prejudiced fashion in which Parliament of 
Tecent years has dealt with schemes of public 
utility and expressed the opinion that an alteration 
was very essential. The House of Commons 
used to be the worst offender in this regard, bat the 
treatment meted out to the Charing Cross Bridge 
Bill and the Loch Loven Water Power Bill rather 
indicates that greater obstruction is now to be 
feared from the House of Lords. It is generally 
agreed that a great extension of existing electric 
power schemes would be of much advantage to the 
community, but there is strenuous opposition 
against entrusting the direction and control of these 
to the only agencies which have successfully dealt 
with such matters in the past, and a strongly 
expressed desire to confide this highly important 
development to politicians whose first anxiety will 
be not the success of the enterprise but their political 
careers and to officials whose aim must be to stand 
well with their political chiefs. Along this line no 
greater success is to be expected than in the case of 
municipal tramways, of which, in all probability, 


not one could pay its way were not legitimate 


competition prevented by law. Years ago furious 
opposition was expressed to such a supposed el dorado 
as the Tramways of the Metropolis being opened 
to a Trust. This opposition succeeded, but long 
before the war all hope of the promised vast profits 
from the London County Council Tramways had 
disappeared, and the undertaking seemed far more 
likely to prove a liability than an asset. If a similar 
policy be pursued in regard to national electric power 
supplies there is little probability of any more 
favourable issue. Moreover, the delay in getting 
to work would undoubtedly be serious. A corre- 
spondent of the Westminster Gazette has pointed out 
that twenty years ago the House of Commons 
rejected, after an extremely close division, a Bill 
promoted by the General Power Distribution 
Company on the understanding that public authori- 
ties were only too ready to occupy the field. Actually 
nothing was done, and the consequent loss to the 
nation has, it would appear from the Board of Trade 
report, been of the order of 100,000,000i. per 
annum. 

The Woolwich workmen are demanding that the 
national shell factories and the like shall remain 
in operation on peace manufactures. This proposal 
comes with particularly little justification from 
Woolwich, as shell makers, generally, not only agree 
that the advice and assistance afforded’ them by 
Woolwich was insignificant, but many were £0 
appalled by the general state of affairs there that 
they freely declared their opinion that the chances 
of winning the war would be substantially increased 
were Woolwich and all its works destroyed by 
Zeppelins. The national factories have, we believe, 
averaged well, but it is admitted that costs at them 
have not been as low as in the case of the best of the 
firms under private direction and control. 

It is to be hoped that the extraordinarily detailed 
information as to the costs of various shop opera- 





tions which have been accumulated by the Ministry 
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of Munitions will be rendered available to our 
industries at large. From prejudices, which being 
prejudices merely, are particularly difficult to over- 
come, many of our working classes resent the time 
and motion studies by which they could be helped 
to increase their earnings without increasing their 
efforts. The information collected by the Ministry 
of Munitions, if made available, might do some- 
thing to attain the same end, without arousing 
much opposition. 

A large displacement of labour is inevitable, but 
some of the figures given by Dr. Addison last week 
and quoted on page 565 of our last issue, are dis- 
tinctly reassuring. In the chemical trades, for 
instance, 70 per cent. of the men and 40 per cent. of 
the women are engaged on work of a kind for which 
there will be a demand after the war. It must be 
the business of Parliament to see that this demand 
is supplied by British firms. In the engineering 
trades of course the general character of the work 
will not be altered, although that of the products 
will. Making all allowances for this, there will never- 
theless be nearly a million civilian workers who will 
have to find fresh occupations. It is proposed to 
provide a very liberal unemployed benefit to help 
those thus displaced to tide over the period of re- 
construction. Commenting on this plan Mr. Holt 
very logically pointed out that these munitions 
workers stand on a different basis to demobilised 
soldiers. They have been enjoying very high wages 
and should have had no difficulty in providing for 
the interval which must necessarily elapse between 
the shutting down of munitions making and the re- 
establishment of our peace industries. All this is 
very true, but to adopt President Cleveland’s 
famous phrase we are confronted with a condition 
and not with a theory, and it is with this condition 
that we have to deal. For the most part surplus 
earnings have not been saved, but have been 
expended on luxuries. In fact a deputation of 
women from Woolwich (where fortunes have been 
accumulated during the past three years in furnish- 
ing feminine furs and frilleries) has already 
demanded a large increase in the very liberal out- 
of-employment benefit promised by Dr. Addison. 
This, which is non-contributary, amounts to 24s. 
per week for men and 20s. for women, with extra 
allowances for dependents. 

The crisis will be eased by the decision not to 
cease the manufacture of munitions forthwith. 
To this course Mr. McKenna has raised the very 
obvious objection that materials which are badly 
needed for ordinary peace products will be worked 
up into munitions for which the demand has come 
to an end, and he suggested as an alternative that 
the works should be shut down and the employees 
given a holiday at full pay. Here, again, however, 
the matier is less simple than it might appear. 
Certain imponderables are involved which make it 
by no means certain tha: the above alternative 
would be wise. The weather at this time of the year 
is far from favourable to a holiday, and we have 
seen recently in London the tendency of an idle and 
high-spirited crowd to attempt dangerous diversions 
which have resulted in damage to certain of our 
monuments and trophies of war and threatened at 
times more serious resu!ts. It may well be more 
economical, all things considered, to keep the 
factories runnihg even at some waste of material. 

In addition to the million of civilians for whom 
new work must be found, occupations must be pro- 
vided for the four or five million soldiers who will 
be domobilised shortly. Here, again, there is to be 
an unemployed benefit which quite properly will be 
extended over a longer perioc than in the case of the 
civilians. The work of finding employment for 
these millions of men will be to a large extent 
entrusted to local advisory committees, the members 
of which will be, in part, representative of ém- 
ployers and in part of the trade unions. Special 
provision is being made for the younger classes. 
Many have spent, in defending their country, years 
which would otherwise have been occupied in 
acquiring a trade. The Government have decided 
in their cases that the men shall have the oppor- 
tunity of completing an apprenticeship. The 
arrangement is that the employer shall pay during 
the first twelve months of such appenticeship not 
loss than seven-twelfths of the current rate of wages. 





This will be supplemented from the Treasury so as 
to bring up the total receipts to three-quarters of the 
current rate. In the following year the State will 
augment its contribution so as to increase the above 
figure to five-sixths. 

The juvenile civilian workers present another 
problem. In some munition works mere boys have 
been making 61. or 71. a week. This, of course, can- 
not continue, and it is moreover most desirable 
that both the technical and ordinary education 
of such youths should be resumed. On condition 
that approved courses of instruction are attended 
grants of 12s. a week in the case of youths between 
15 and 18 are to be made, whilst girls will receive 
108. 

Returning to the Army, it has been decided that 
for one year from the beginning of demobilisation 
all permanent appointments in the civil service 
shall be filled by ex-service men. Moreover, 
where owing to their military service, officecs and 
men are unable to meet their financial obligations, 
assistance is to be given, and this may in cases be 
extended to enable applicants to purchase stock, 
trade or shop fittings. Assistance will also be given 
to men and officers Whose professional training or 
university career has been interrupted. 

As for plant, many of the national factories will 
find at least a temporary use as stores. The equip- 
ment to be got rid of is valued at a minimum of 
500,000,000/. sterling, and time will necessarily 
be required to dispose of so huge a stock without 
very serious loss. 

Within six months free sale in all metals is to be 
restored. For the present it will be necessary to 
maintain the steel subsidies, as lacking this, steel 
makers refuse to give firm prices for their products 
and manufacturers would be accordingly unable 
to undertake contracts. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the above Institu- 
tion was held on Friday last, the 15th inst., at the 
Institution of Civil Engineers, Gieat George-street, 
Westminster, the president, Mr. Michael Longridge, 
occupying the chair. 

The president first announced the death on the 
4th inst., at his London residence, of Sir James W. 
Restler, a member of council of the Institution. 
The council had addressed a letter of sympathy 
to Lady Restler and had expressed their apprecia- 
tion of Sir James’ services. The Institution was 
represented at the funeral by the president and 
the secretary. 

Continuing, the president stated that the death 
of nine other members of the Institution had been 
notified since the last meeting in October, two of 
whom had given up their lives and the happiness 
of their nearest and dearest to win the great victories 
which had brought about a cessation of bloodshed 
and the hope of a lasting peace, a peace on the part of 
England without treachery, cruelty or dishonour of 
any kind. 

Mr. Longridge next announced that the council 
had appointed, subject to his consent, Mr. William 
Taylor, of Leicester, to fill the vacancy on the council 
created by the death of Sir James Restler. 

The minutes of the previous meeting having been 
read, the secretary stated that the ballot for election 
of members showed that 80 candidates had been 
elected. Nine transferences had been made from 
the class of associate members to that of full 
members. 

HARDNEss TESTING. 


It will be remembered that at the previous general 
meeting three papers were read and partly discussed. 
These papers were as follow: ‘‘ A Law Governing 
the Resistance to Penetration of Metals when Tested 
by Impact with a 10-mm. Steel Ball and a New 
Hardness Scale in Energy Units,” by Professor C. A. 
Edwards, D.Se., of the University of Manchester, 
and Mr. F. W. Willis, B.Se.(Tech.); ‘‘ The Value 
of the Indentation Method in the Determination 
of Hardness,” by R. G. C. Batson, of the National 
Physical Laboratory ; and “‘ The Ludwig Hardness 
Test,” by W. Cawthorne Unwin, LL.D., F.R.S., 
past-president and hon. life member. 

Mr. James J. Guest, the first speaker in the 





resumed discussion, while admitting the claims of 
Professor Edwards to immediate attention, desired 
to present his views upon the subject of hardness 
first. This he did by sketching the stress-strain 
diagram reproduced in Fig. 1, the curve being 
distorted for the sake of clearness but generally 
typical. He then proceeded to sketch, as shown in 
Fig. 2, a tool penetrating the material, and pointed 
out that the state of stress in the material would 
vary throughout, the states of stress at a, b, c, d, ¢ 
corresponding in type to those represented at 
A, B, C, D, E, in Fig. 1, although the stress within 
the material would be complex. There would be 
a surface of discontinuity, as marked, through b. 
Outside this surface the material would possess 
elastic strain energy, within it there would be 
overstrain, involving lost energy, combined with 
elastic energy, and in the tool elastic energy only. 
The tool was supposed to be acted upon by the 
force P indicated. 

A tool of any conical shape, as that sketched, did 
not involve any linear dimension, and hence in the 
position shown there was only a single linear dimen- 
sion involved, which was the diameter d, of the 
indent. Hence, the tool being in equilibrium under the 
force P and the reaction due to the stress condition 
in the materia], there must be a relationship involv- 
ing P, d, and certain complex stresses and elastic 
constants of the material, represented under the 
head p in the summation equation : 

P= DAdtpi (1) 

As throughout p was of the dimensions of stress, by 
dimensiona] theory the only possible values of the 
indices were k= 2 and |= 1, and therefore P/d? must 
be a constant for the material. 

Referring again to Fig. 1, along O, A, B—the 
Hooke’s law portion—the relationship of stress and 
strain was independent of time, but near and beyond 
B a time effect showed itself, the curve taking such 
forms as indicated by the broken line, the metal 
having a semi-viscous flow. Hence equation (1) 
would not be quite true and the value of P/d? would 
not be quite independent of the time. But from the 
known proportions of the phenomena represented 
typically by such curves it was clear that P/d® was 
the predominant factor in the law of indentation. 

Mr. Guest then considered the case of an impact 
test, Fig. 2 again representing the case of a tool 
applied with energy E, the corresponding summation 
equation for the indentation being : 

E= = Bd pr. 


The indices again had single values, m= 3% and 
p= 1, so that E/d®, was necessarily a constant for 
the material. 

Returning again to the stress strain diagram, 
in which A, B, C, D, E represented a slow test, 
he pointed out that the effect of a rapid application 
of the load was to raise the portion of the curve 
beyond B, as shown by the dotted curves B F, BG. 
The more rapid the test the higher the curve would 
be. Drawing DS, F T, GU, perpendicular to the 
strain axis, for equal amounts of energy com- 
municated to the material at different speeds the 
areas OBDS, OBFT, OBGU, would be equal. 
From the known shapes of the curves it was clear that 
the strains OS, OT, OU, will not differ greatly, 
and therefore, again, however complex the sum- 
mation and although some of the energy was spent 
in vibration and in other ways, the quantity E/d*, 
was the main factor in the law sought for. 

If at the point G the stress was removed the curve 
fell along the line G V, the energy measured by the 
area O BG V being destroyed, but that represented 
by the area GV U restored by the material. The 
proportion of energy reaching any element of the 
material varied ; at points such as a in the elastic 
region it was practically all restored, and the pro- 
portion of energy restored gradually diminished 
along 6, c, d, e. Except for losses—such as due 
to vibration—the sum of this energy (with that in 
the tool) appeared in the rebound energy of the 
hammer, so that the height to which it rebounded 
duly measured some complex summation deter- 
mined by the elastic and stress laws of the material. 

All the above applied equally whether d were 
taken as the diameter of the indent before or after 
the tool had left the material. 

If the tool instead of being conical—of circular 
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or other section—were of wedge shape, of indefinitely 
long edge, then again, there would be no linear 
dimension involved in the tool and all the above 
would apply. Such was the tool designed by Professor 
Unwin, who referred in his paper to the conical tool 
as due to Ludwik. A cone—and with a truncated 
point as advocated by Professor Unwin—was in 
fact used as a tool as early as 1850, so that the 
name applied should justly be another. The wedge 
and conical tools had been ingeniously designed to 
get rid of the length dimension in the tool. In 
arriving at the above conclusions it was implied that 
the size of the tool employed should not be that of 
the internal structure of the material, and hence 
Professor Unwin’s suggestion that a little should be 
removed from the point of the tool was justified apart 
from the necessarily small effect. 

When, however, a ball was used as a tool its 
diameter was involved, and with varying depths of 
impression the similarity of the surfaces of contact 
between tool and material ceased, as is shown in 
Fig. 3. If, however, the impressions were of 
nearly the same magnitude the main factor must 
still be of dimensions force/length®. 

The magnitudes of the secondary effects were 
impossible to calculate—perhaps 10 per cent. in 
the Brinell case, and much less in the others: 
the direction of the effect in the impact test would 
be to reduce the diameter of the indent with increase 
of the velocity of impact. 

Turning to the paper by Professor Edwards, 
Mr. Guest considered it to contain a mass of care- 
fully carried-out experiments. The papers pre- 
sented dealt with indentation hardness alone, but 
he thought that there was difficulty in determining 
exactly what that hardness was. The speaker was 
at first uncertain as to what Professor Edwards 
understood by hardness. After much experimenting 
Professor Edwards had arrived at conclusions of 
great importance, and stated that his method could 
be “used as an absolute scale for measuring the 
resistance offered by metals to their penetration by 
other rigid bodies ” and he had also stated that this 
was a “ true measure of the hardness of the metal.” 
The speaker did not approve of the wording used. 
The definition of a rigid body was one which could 
not be deformed, wherefore one rigid body could not 
penetrate another and the statement was a con- 
tradiction in terms. Accordingly some latitude 
should be given when considering the meaning of 
the wording of the paper. 

Now absolute scales were of fundamental import- 
ance: they must depend only upon the thing 
measured and be quite independent of the means of 
measurement employed. The speaker considered 
that it would be difficult to establish any absolute 
scale of hardness in view of the differences inherent 
in the quantities determined by the various modes 
of measurement. 

Mr. Guest then proceeded to discuss the six 
conclusions of the paper, taking the final one 
first. He remarked that while all hardness 
measurements were, so to speak, estimations, 
it was somewhat severe upon the scleroscope that 
Professor Edwards should use this word with 
reference to it alone. He held no brief for that 
instrument, but it did indicate hardness according 
to the summation previously described. The 
indentation was small, but that permitted the tests 
to be made upon the actual parts which were to be 
used, If the product consisted of hardened parts— 
particularly if they were case-hardened—it was 
very convenient to run them over with a scleroscope 
test. These tests were very rapidly made, because 
the height to which the little hammer rebounded 
had to be read as it turned on its journey. Close 
readings were difficult, but for grading a wide piece 
of paper was fastened across the scale and it was 
easily seen whether the hammer appeared above it 
on the rebound. To judge of the speed of operation, 
members should watch a girl who was accustomed 
to the instrument. 

The behaviour of the. instrument was further 
criticised, while the Brinell method was also 
dealt with. The speaker then turned to Professor 
Edwards’ fifth conclusion, which stated that the 
Brinell scale was not really satisfactory and involved 
serious errors in all except very hard specimens, 
and pointed out that the reasoning upon which 





Professor Edwards based this statement depended 
upon the shape of the curves of Fig. 8. In this 
diagram the results of the author’s impact tests 
lay upon a straight line, while the tests by other 
methods did not. 

Mr. Guest then pointed out that there was no 
horizontal scale to the diagram, and as the Brinell 
numbers charted ran from 50 to over 600, clearly 
they referred to quite different materials and there 
was absolute latitude in placing them on the 
horizontal scale. If Mr. Brinell or Mr. Shore could 
interpose in the matter each would choose the 
abscisse for the materials differently. To obtain a 
charted observation at a desired spot it was merely 
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necessary to select a material of hardness to give the 
desired ordinate and place it at the desired abscissa. 
Thus the observations by any method would fall 
upon a straight line if desired, or if preferred could 
be arranged to write the name Brinell. He therefore 
considered that all the criticisms of the Brinell 
and scleroscope methods as based upon this figure 
were valueless. 

With regard to conclusion (4), which stated that 
“by using the impact method or scale, the two 
factors time and degree of deformation—which have 
different effects with materials of varying hardness— 
are entirely eliminated,” Mr: Guest said that owing 
to the dissimilarity of impressions of various depths 
made by one ball some variation was certainly 
involved, and that he should expect a slightly 
less diameter of indent with an increased velocity 
of impact as, owing to the internal friction of the 
material, the stress-strain curve was bound to rise. 
There was internal evidence that Professor Edwards’ 
tests had been carefully carried out and they 
indicated on the whole that this conclusion was true. 
Taking table No. VI of the paper there were two 
tests with the same amount of energy—3} Ib. 
weight with 10-in. drop and 1} |b. with 20-in. drop, 
the former giving the larger indent. This was 
not the case with all the tests which employed equal 
energies, but it was so in the greater number. 
However, the variation was small. 

The speaker now referred to the main conclusion, 
No. 3. The author’s statement in the last sentence 
ran; “In this way a new hardness scale is obtained 





in inch-pounds impact energy, which is regular 
throughout its length,” which was the absolute scale 
referred to earlier and in the title of the paper. Mr. 
Guest took exception to this conclusion. There 
could be no doubt as to the nature of a quantity 
measured in inch-pounds energy—it was energy in 
some form and nothing else. As energy was an 
objective reality, it could not possibly be a quantity 
of a material. Energy per unit volume or per unit 
mass was, but not unqualified energy. That was 
unthinkable. 

Supposing that the scale were in inch-pounds 
(weight) the word energy being deleted, the quantity 
measured must have the requisite dimensions 
(e.g., a8 the moment of a force had)—but these did 
not agree with those which it had previously been 
shown that the main factor required must have. 
What will-o’-the-wisp had allured Professor 
Edwards to this treacherous ground? The speaker 
would investigate. 

In the preceding sentence the author had observed 
that “a much better way is to use the factor for 
any particular metal and the above equation for 
calculating the energy of impact required to give 
an indent of standard dimensions.” That was 
definitely a special case, and Professor Edwards had 
argued a general law from it—a proceeding quite 
indefensible scientifically. 

In the first sentence of this conclusion (3), the 
author stated “ the factor C is a true measure of the 
intrinsic hardness of metals ”—a phrase which the 
speaker did not consider justifiable as there were 
variations in the conception of this hardness, and 
as the Brinell test was adapted to the softer materials 
and the scleroscope to hardened, the tests in vogue 
served useful ends and he did not think that any 
of them would be abandoned. But they determined, 
as explained, hardness which varied in conception, 
though to a secondary extent. In conclusion (2), 
the origin of the constant C was given, and as it 
depended upon the fourth root of the energy there was 
in it no hint of the energy scale which was * uniform 
throughout its length.” ‘“ This law, which applied 
to very soft metals and to hardened tool steel, 
might be expressed by the equation d= C E-*,” 
which was derived from Fig. 5. This equation did 
not, however, appeal to Mr. Guest, because he could . 
not realise what was expressed by the fourth root of 
energy. He would therefore proceed to “ maltreat ” 
Professor Edwards’ equation and make it take 
successively the forms : 


1 1 E 
E25, d — = 
/D an 


E 

aie | 

which were equally equations to the curve. Why 
should the author select C rather than 1/C or k as 
his particular constant ? The speaker preferred the 
last form as it was realisable mentally, but the 
new constant had not the dimensions shown to be 
necessary in the introduction, namely, energy 
divided by (length)*, and therefore it was incorrect. 
Now in the ball impact test there was only one 
primary dimension, that of the ball, which suggested 


that the equation should be L= x where D 


d 
was the ball diameter, and L a constant for the 
material. If such an equation were true, then the 
term “ absolute ” as applied to Professor Edwards’ 
constant C, as well as to his energy scale, must be 
abandoned. 

There was no evidence to be gleaned from this 
paper upon this point because Professor Edwards’ 
experiments dealt with 10-mm. balls only. Mr. 
Batson, however, had experimented with balls of 
two diameters, and from his results evidence could 
be gathered. The speaker had selected the second 
and third experiments of Table VY and the ninth 
in Table IV, upon mild steel, as these gave an indent 
diameter of about 2°5 mm., that being the size 
which Professor Edwards regarded as the most 
satisfactory. From the data given in these tables 
the various quantities listed were calculated. 

The values of Professor Edwards’ constant C 
for the two experiments with the 10-mm. ball were 
4°635 and 4-73, as shewn in the Table overleaf, 
while its value when the 4°76-mm. ball was 
employed was 3°76, thus showing that Professor 
Edwards’ C was no absolute constant for the 
materia] but was a function of the ball diameter also. 
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elwvtetlsiaisi es With a given diameter of indent a small ball|formula. In the case of the high carbon steel, 
Ps. penetrated further than a large one, and therefore] Mr. Batson , on the face of it, the applica- 
ee oe 33 =|3s\% ou the second term was probably zero. Hence the most | tion of the formula, because with the 10-mm. ball 
BS i 8 i 5|¢2|/223! & | = |important feature must be the third term. The] the Brinell figure was 236, while in the case of the 
26\35 a. 142) 465 a< z experimental work confirmed this. The above coeffi- | 4-76-mm. ball the Brinell figure was 225 corrected 
ats . ” cients should form the aim in experimental work. | to 235, showing a discrepancy as between the two 
| | ee Professor Unwin’s wedge and the cone tool] tests of only one. If the Moore formula were applied 
0.089 | 0-48 (2-584 | 10 bis $33 | £73" (ooosis| 0-198 | avoided these difficulties. to the 10-mm. ball figure the result would be 244, 
0.158 | 0.73 |2.876 | 4.76 .319 | 4.77 | 3.76 0.00697) 0.217 The use of dimensional theory was generally} which would compare with the 235 of the 4-76-mm. 
: regarded with suspicion, but it was trusted by the} ball figure. It would seem, therefore, that Mr. Batson 

Mr. Batson’s paper was set out in excellent style| speaker. It was a path blazed by truth into 


and had afforded the speaker much pleasure in the 
reading. He would like to refer to the author’s 
discussion of someone’s rule that the dynamic 
hardness was to be measured by E/S* where E was 
the applied energy and §S the spherical area of 
indentation. Mr. Batson had compared the values 
of the measures for the hardness obtained by 
dividing the applied energy by the volume of 
indentation V, and by S*, by plotting the quantities 
V and 8? against one another, Fig. 3, calculating 


from the formule, V == 7 it (5 2 ) and 
S? == w? d® h®, which he gave. Now the elimina- 
tion of h between these equations could not give a 
straight line, and the speaker wished the curve had 
been referred to as nearly straight. Dividing the 
expressions, it was seen that : 


Ca Se -teD(1-~i 5)" 
V D—23sh 3 D 
2A 
=2rD/(1 ae qe ose 
cg ( +3 ) 


so that the departure from straightness was repre- 
sented by : . which was 0-067 for the data selected 
by Mr. Batson and for the experiments given above 
about 0-01 and 0°045. 

It would, however, be noticed that the ratio of 
S* to V depended upon D, so that there was a 
different ‘‘ straight” line for each ball diameter. 
Hence Mr. Batson’s conclusion “that both the 
methods of expressing hardness used by Martel 
and Roos must be in agreement, for ordinary inden- 
tations, when a ball-indenting tool is used” was in- 
correct. But why, he asked, should Mr. Batson 
bother at all about Mr. J. O. Roos’s formula. It was 
necessarily wrong, as it was of incorrect dimensions. 
Mr. Guest now added to the table columns giving 
the values of E/S* and E/V. The former quantities 
varied from 0°00314 for the 10-mm. ball to 0-00697 
for the 4-76-mm. ball, illustrating the dependance 
of this formula on the ball diameter. The variation 
of the figures in the column E/V did not suggest 
dependance upon ball diameter. 

Mr. Guest then connected Professor Edwards’ 
constant with the volume of indentation, writing : 


tr -3)( -33) 
V w D 3 D 
= 8? (1 if 
T 3 


thus showing that C-4 was of the same nature as the 
expression of Mr. Roos, but with a different co- 


efficient for the term That the values of C 


tabulated varied less than the values of E/S*? was 
due to the glozing over of the effect of the variation 
of the diameter ratio by taking its fourth root. 
This, however, simultaneously reduced the whole 
variation of the constant and hence the gain is 
illusory. 

h 
As D 


oe 
E/V, se 
for the ball impact might, taking h (the permanent 


indent and D as the involved lengths), be 
written 


was small, there was little difference between 


and C-* D. Now the energy summation 


P= 7 D+ SD0A +t Da? + whi 
since E increased with D and A. Putting A = 0, 
E, = r D® was the energy which would just not 
produce a permanent indent. This had some value, 
and as it varied with D* the ball method was not 
well adapted to make “ absolute ” determinations. 
Since, to a first approximation, 4 Dh = d*, the 
above equation might be written 


a4 ua 
E=-rD5 + 84 Da 16/1 a 
8) +t >( +5 By 


Nature’s realm ; if its occasional gleam encouraged 
the hesitating traveller he was probably upon the 
right track—but if it failed, then assuredly he was 
astray. 

Dr. T. E. Stanton was the next speaker. He 
wished to call attention to one point in Mr. Batson’s 
paper, namely, the Meyer law of comparison, which, 
in the speaker’s opinion, had not received the atten- 
tion it deserved. 

If d were the diameter of the impression and D 
the diameter of the ball, then, if, according to the 

d 


law of comparison, 2 K, were kept constant, it 


P 
followed that a da’ would be constant, whatever 


the diameter of the ball. It followed also that 
since exact geometrical similarity of impression was 
obtained, the vexed question of whether to take 
spherical surface of the indentation or the projected 
area did not arise, since in both cases the relation 
between load and area would be given by a straight 
line. If other values of d/D, say K, and K;, were 
taken the resulting lines would be thus : 











¢ 
A definite hardness number which was a constant 


was obtained along each line. In passing from one 
line to another, however, different hardness numbers 


resulted. A point of interest was that for any 
e 

given line since 4 and  d? were both constant, it 
4 


P 
followed that D? 


pointed out by Dr. Baker at the Sheffield meeting 
when the paper was discussed there. Dr. Baker had 
said that in the case of a piece of material so small 
that the 3,000-kg. load could not be put upon it, in 
order to obtain the same hardness number it was 
only necessary to use a smaller ball with a value of P 
given by the above relation. This would be obvious 
from the figures since one of the straight lines must 
correspond with the hardness number given by the 
standard Brinell test with a 3,000-kg. load and a 


was constant, a useful relation 


P 
10-mm. ball, and along that line p *™ constant. 


The speaker believed Mr. Batson would agree that 
this was a better method of obtaining the standard 
Brinell figure than the one given in his paper. Dr. 
Stanton would suggest to the Hardness Committee 
that an investigation of this law of comparison 
should be carried out. It might not be perfectly 
correct, but it should be very nearly so, since in 
the discussion at Sheffield Dr. Baker had given a 
series of results obtained with different materials, 
using a relation which involved an assumption of 
the law, and using different sizes of balls, and the 
hardness numbers were almost identical. 

Mr. Thomas W. Chalmers asked Mr. Batson 
whether he was quite satisfied that the figures’ given 
in Table II of his paper really confirmed the conclu- 
sions reached. In the last column of that table the 
author had given the formula for the hardness 
number corrected to 10-mm. ball (Brinell), and the 
table seemed to suggest that those figures might be 
compared with the figures given in the fifth column. 





These figures should also be corrected by Moore’s 


had compared a corrected with an uncorrected 
figure, the resulting discrepancy being 8. With both 
figures corrected he would get a correction of 8. 

Mr. L. Pendred suggested that the question of 
similarity might be overcome if, instead of measuring 
the depth or diameter of the indentation, the 
indentation were made constant; if, for example, 
the load were placed upon a ball of any selected 
diameter and the rate of indentation into the 
material were measured. An indentation of one- 
thousandth or of two-thousandths of an inch might 
be taken as a standard, using a 10-mm. ball, the 
measure then being the variation of load instead of 
the variation in the diameter or depth of indentation. 
In this manner the whole difficulty attaching to the 
form of indentation and geometrical similarity 
would be entirely overcome. 

Mr. H. L. Heathcote referred to Mr. Guest’s 
remarks. Mr. Guest, he said, had written it 
down that the energy of the blow was equal to the 
sum of certain energies on the other side—the 
elastic energy in the denting tool and the elastic 
energy in the specimen, plus strain energy. The 
speaker thought that the energy required to move 
the metal should also be taken into account. It 
integrations were taken up to the time when the 
depression was completed, the total energy of the 
punch had the effect not only of developing the 
strain energy in various forms in the specimen, but 
also of moving the metal out with a certain velocity : 
that metal had a certain mass which should be taken 
into account. Perhaps Mr. Guest would consider 
that point. Reference had also been made to the 
differences in the indentation produced by the 
impact test and by the static test. When experi- 
menting with the punch referred to by Mr. Batson, 
and applying the curve showing the relation between 
diameter and depression produced and the Brinell 
numbers, the speaker had not obtained a curve 
exactly parallel with the curve showing the Brinell 
diameter as a function of the hardness; both were 
sloping curves, but one curve crossed the other in 
two places. The speaker had available a curve 
showing the relation between the auto-punch 
diameter and the Brinell hardness, but time did not 
permit him to sketch it on the blackboard. The 
effect of the crossing of the curves was interesting. 
and suggested that the hardness, as found with the 
auto-punch, of a hard specimen was greater and of 
a soft specimen less, than would be found in the 
case of the Brinell test. The Brinell test hardened 
the specimen, but according to his experience it 
hardened it less than the auto-punch test. He had 
not been prepared for the crossing of the lines at the 
hardness end and his explanation was that thc 
Brinell test crushed a hard specimen, disintegrating 
the metal, and that the impact test got its work 
done before the crushing and softening had taken 
place. 

Mr. R. G. C. Batson then replied to the discussion 
so far as it concerned his paper. Sir Robert 
Hadfield, he remarked, had expressed a hope that 
nothing would disturb the Brinell test. All would 
agree that the Brinell test was so widely known 
and used in engineering works that, from practical 
considerations, any deviation from that test should 
be greatly criticised before being accepted. More- 
over, any variation of method adopted should be 
capable of conversion into Brinell numbers, if 
necessary. With regard to similarity of indentation, 
all work in this connection went — to Meyer. 
who showed that the formula “dé, load over 

: 4 
area, was constant for the same material, for the 
same ratio of d to D. Moore’s formula, as Dr. 
Unwin had pointed out, was also based on similarity. 
It reduced thé hardness numbers of all materials 
to that which would be calculated from the load 
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which gave identical impressions. It was calculated 
to the same impression for other materials. The 
numbers would not necessarily be the same as those 
derived from the standard Brinell method. For 
softer materials, such as those with which the 
speaker had experimented, it would give numbers 
which were approximately the same. Probably 
that method of applying the similarity law was 
not so good as that of Dr. Baker, because by the 
latter method the material was taken independently. 
Dr. Baker assumed the Brinell standard for the 
material and, by means of a modification of Meyer’s 
formula, applied that to that one material alone. 
The speaker’s reason for forming that conclusion 
was that the extrusion of different materials varied 
in form. At the previous discussion, Mr. Main 
had referred to the time effect. Personally he had 
found that, in the Brinell hardness test, any time 
effect was most marked up to about 10 seconds 
application of load, being subsequently very small. 
Dr. Unwin had directed the speaker’s attention to 
the inertia effect of the machine. If, in the Brinell 
test, the load were too rapidly applied, the errors 
due to inertia effect were far greater than those 
attributable to any time effect. For this reason, 
when making an accurate standard Brinell test, the 
speaker used a testing machine with compression 
plates, the ball being in the holder between the 
plates. The ball was placed over the specimen, 
and the load applied was about one-sixth of the final 
load to be employed. The load was very slowly 
applied, a little faster at the start, but very slowly 
as maximum load was neared; the load was then 
left for about 60 seconds. The speaker submitted 
the following figures of an experiment with mild 
steel. With a load of 3,000 kg. applied for 2 seconds 
the indentation was 5-45 ; for 3 seconds, 5-48; for 
5 seconds, 5-49; for 15 seconds, 5-49; for 50 
seconds, 5-50; and for 60 seconds, 5-50. With 
the full load of 3,000 kg. put straight on to the test- 
piece without any preliminary slow running, and 
kept on for 60 seconds, he obtained a figure of 5-53, 
showing the error due t® inertia almost as big as the 
error due to variation in the application of the load 
between 2 seconds and 15 seconds. He could not 
agree with Dr. Unwin’s view that the load, in the 
case of a ball test, was proportional to the area. 
Meyer found, in his well-known researches, that the 
pressure equalled constant times diameter to the n 
where 7 was variable ; if the load were proportional 
n would not be variable. Professor Edwards had 
given a table showing that with varying load the 
hardness number altered, and certain figures in the 
speaker’s paper showed the same effect. 

Turning to the dynamic side of the testing, 
Dr. Edwards had submitted a formula which, as 
Mr. Guest had shown, could be just as well 
expressed as a . Roos had proposed energy over 
area squared, both formulas being in the same 
direction. Martell’s formula was energy over 
volume. The speaker, in his paper, had shown that, 
for the ordinary indentations met with in practice, 
both formulas would give an identical sequence of 
numbers for the materials tested—-both Roos’ and 
Martell’s formulas. In the same way, it could be 
shown that if volume were plotted against diameter 
to the fourth a nearly straight line would be pro- 
duced, with only a slight upward curve. So nearly 
straight was it that the errors would not, in the 
majority of cases, be more than the errors of observa- 
tion. Taking D‘, spherical area squared, the D*‘ 
would depend on the flat diameter, and a slightly 
curved line would be expected. In the case of 
Dr. Edwards’ formula, assuming the relationship of 
volume to be correct, it would be expected that with 
higher energies his constant C would be slightly 
lower than in the case of lower energies. The 
speaker believed that Dr. Edwards had, in a recent 
paper, indicated that such was the case with the 
soft materials he had tested. 

Dr. Edwards had not shown in the paper under 
discussion that tin was at all abnormal, but had 
dons so in a recent papor, a fact also borne out by 
the results shown on the wa!l diagram. The speaker 
would ask Dr. Edwards if the tin used was pure 
or whether there was any reason for the deviation 
in the case of the earlier paper. At the previous 





general meeting the speaker had pointed out that 
the relationship between dynamical and static 
impact gave a fairly constant number when the 
dynamic number was calculated from the net energy 
of the hammer. He had worked out some of Dr. 
Edwards’ figures and found that the numbers 
increased, and he thought that circumstance might 
be due to friction in the slides or elasticity in the 
supports. Mr. Batson here exhibited a lantern 
slide of the machine he used for impact testing, from 
which it could be seen that there was a fairly sub- 
stantial base to the machine, which was bolted to a 
very heavy concrete foundation. 

Dr. Unwin had spoken of the effect of the re- 
bound, stating that Martell had arranged his drop 
so that the effect of the rebound was invariable. 
Experiments, Mr. Batson said, indicated that the 
amount of the rebound was proportional to the 
striking energy, so that the percentage effect of the 
rebound on the results would be the same whatever 
the striking energy. With a small striking energy 
the rebound would be small, and the percentage 
effect would be the same as with a large striking 
energy, as in the latter case the rebound would be 
only proportionately larger. 

With regard to the volumes of indentation being 
the same for different forms of tool, those results 
in the paper which included the rebound were 
calculated by allowing the hammer to drop at 
different places along the material, and summing 
up the total volumes of the indentations. The 
speaker had since carried out numerous tests by 
measuring the rebound, taking the striking energy 
and energy of rebound and dividing by the volume 
of the first indentation, and had found, with the 
cone test, that the volumes given in his paper were 
between those which would be obtained by taking 
the striking energy and the net energy. 

Tn the course of the discussion at the previous 
meeting, Mr. Heathcote ieferred to the radius of 
indentation as much larger than the radius of the 
ball. In relation to this, Mr. Batson exhibited a 
lantern slide showing indentations carefully mea- 
sured on a milling machine with a depth indicator 
measuring to ten-thousandths of an inch. The 
results in this case agreed more or less with Mr. 
Heathcote’s experience ; there was an appreciable 
divergence between the radius of curvature of 
the impression and the diameter of the ball. Another 
peculiar fact in connection with the cone test was 
this, that in the case of certain steels the material 
poured upwards round the sides ; with a manganese 
steel the material went downwards. That showed 
that strict similarity in impression with different 
of material could not be obtained. 

Dr. W. C. Unwin said he was glad that, some 
little time ago he had disinterred Martell’s papers 
because he had seen no papers on hardness which 
threw more light on the indentation tcst. The two 
papers, taken together, were very scientifically 
expressed, and Martell had treated in succession 
all the variables—sp ed, &c.—with which he had 
had to deal. Mr. Batson had disagreed with the 
speaker that pressure was proportional to area. 
In that the speaker had followed Martell. Martell 
had made some practical load experiments in which 
automatically he had drawn a stress-strain diagram 
while the test was going on, and had found the stress 
to be proportional to the indentation at all stages 
of the indentation. Martell, of course, was not 
infallible, but the experiment was a difficult one, 
and some attention should be paid to the results. 
With regard to the impact test and the statical 
or gradual-loading test, results cleaily showed a 
difference betwen the two. Mr. Batson had stated 
the hardness ratio as between the two kinds of test 
at 1-5. Martell found that, on the average of 
experiments, the variation was 1-25, an important 
difference. The speaker was still disposed to think 
that the difference was mainly an effect of time. 
Mr. Main had mentioned experiments on time- 
effect, made by him, in which the time effect, 
appeared to be very small. These experiments 
however, had not extended over any great range 
of time. Moreover, Dr, Unwin had grave doubts 
whether the expeerimnts were so casy to make as 
Mr. Main had suggested. Indeed, he felt sure that 
in carrying out such t sts—especially the Brinell 
test—very rapidly there would be considerable 


inertia effect. The point was of importance because 
so many hardness tests had to be carried out vi ry 
rapidly. Some while ago Dr. Unwin had quoted 
some tests by Guillery, in which the latter found 
considerable time effect. In one material, with a 
gradual loading (he believed in a second) thc re was 
8 per cent., and in anothcr material there was a 
difference of 144 per cent. Guillery seemed to have 
appreciated the importance of inertia effect, because 
he had invented a new testing machine in order 
to work the test. Instead of using a machine in 
which the moment of loading was fixed by the 
rising of a ball against a deadweight, he applied the 
load by springs, so that the inertia effect was nearly 
or entirely got rid of. The effect of any inertia in 
the descending load was to increase the indentation 
and to neutralise the time effect ; that was to say, 
if there were inertia in rapid loading an indentation 
would be obtained which was as large as that 
obtained from a very slow, gradual loading. In 
conclusion, he would remark that two metals would 
never quite agree. He had already said two or 
three times when discussing the subject, in En- 
GINEERING and elsewhere, that there were several 
secondary causes which affected the indentation, 
such as the flattening of the Brinell ball, the rising 
of the edges of the Brinell indentation, and, in the 
case of the impact test, the Waste work due to 
vibrations, &c. Subject to those remarks, he 
thought the impact test and the gradual loading test 
were really the same test. Allowing for the 
secondary causes, especially for the time effect, the 
two tests would, he believed, give the same r sult. 

The president then closed the proceedings, 
observing that Mr. Heaton’s paper on “ Electric 
Welding,” which it had been intended to read that 
evening had time permitted, would have to be de- 
ferred until the next general meeting. 





NOTES. 
SCIENCE AND THE FUTURE. 

On Wednesday evening. Mr. Alan A. Campbell 
Swinton, F.R.S., who has been elected chairman of 
the Royal Society of Arts for a second term of 
office, delivered an address on the occasion of the 
opening of the new session. Last year he spoke on 
Science and its Functions; this year on Science 
and the Future. Naturally the subject was very 
wide—far beyond what we can deal with adequately 
this week—and all that we can do is to mention a few 
of the salient points. Mr. Swinton, in speaking of 
the effects of the war, reminded his hearers that a 
great part of the capital, or the wealth, of the world 
is indestructible. Gold and silver, bricks and 
mortar, railways, ships and machinery all fall into 
decay in process of time. Scientific knowledge, 
on the contrary, once gained is everlasting. If all 
our material possessions were swept away we should 
not relapse into the savage state of our ancestors. 
To reconstruct the material things would take only 
a small fraction of the labour and time expended 
in learning how to create them. Our greatest asset 
is the vast store of knowledge that Science has 
gathered together, and this cannot be destroyed by 
explosives. The capital of the world is mainly due 
to the mental efforts of exceptional men who, 
through countless generations, by their investiga- 
tions, discoveries and inventions have rendered 
possible all our wonderful possessions. The war 
has shown us how little margin we have in the 
way of food, and if the population of the globe 
should continue to increase at the present rate 
a very few hundred years might cause the demand 
for food to exceed the supply, unless new achieve- 
ments in the way of scientific Sapoveey and invention 
and more scientific organieation enable us to 
produce food more easily and abundantly than at 
present. If science is to play a greater part than it 
has done in the past the knowledge of it murt be 
widerpread. It must be inculcated as a part of 
general education. In the past, science was largely 
advanced by men who were self-taught, but it is 
daily becoming more abstruse and more difficult 
to acquire. Many men who might have become 
eminent in science failed to do so becaure of the 
initial difficulties. In the cases in which great 
success was attained it is often porsible to find 





some seemingly accidental circumstance which 
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turned men into scientific pursuits. But if science 
is to be the great factor of the future every youth 
must be taught enough to enable him to go forward 
to greater things if the bent of his mind inclines that 
way. Mr. Swinton discussed the question whether 
knowledge was better advanced by men working 
under the stimulus of poverty or with the advantages 
that attend competence or wealth. He adduced 
numerous instances on both sides, and summed 
the matter up by saying: “Some temperaments 
require the spur of necessity to make them exert 
themselves, while for others the grinding task of 
providing daily sustenance for themselves and their 
families suffices to exhaust their energies and leaves 
nothing for other endeavour.” to the 
future of science, Mr. Swinton pointed out that it 
is illimitable. Every new discovery and invention 
opens the path to others, and thus the scientific 
horizon widens year by year. In the comparatively 
new ficlds of radioactivity, electromagnetic radia- 
tions, synthetic chemistry, chemical catalysis, 
electrical osmosis, photo-electricity, and corpuscular 
matter, to mention at random only a few, the 
prospect seems practically illimitable. 


Tue Réntoen Socrery. 


Taking advantage of the coming of age of the 
Réntgen Society, Mr. G. B. Batten, M.D., C.M., 
in delivering his presidential address, dwelt on 
some reminiscences of the early days of the society 
and of his own electrical experience. He had 
been present when the first lecture on the tele- 
phone was given before the British Association at 
Plymouth, in 1877. At the end of that lecture, 
Dr. Batten related, Sir William Thomson was 
asked to speak through the telephone ; Thomson’s 
words were: “Hey, diddle, diddle, the cat and 
the fiddle, go on with that,” and presently 
he cried out, fairly jumping with joy: “I heard 
them say: the cow jumped over the moon.” Years 
afterwards Dr. Batten was informed by Sir William 
Preece, who had been at the other end of the tele- 
pone, that they had heard nothing, had said nothing, 
and that Lord Kelvin heard nothing. Kelvin could 
be enthusiastic ; whether his enthusiasm enabled him 
to hear what he was waiting for, or whether some- 
body’s memory is at fault, it is too late probably to 
settle ; but we are afraid the story, like so many 
others, cannot claim to be history. Dr. Batten 
naturally deal« chiefly with the biological effects of 
X-rays. The union of physicists, medical men and 
instrument makers in the Réntgen Society, has no 
doubt been highly beneficial to the society and to the 
public. But Dr. Batten mentioned that a new 
British Association of Radiology and Physico- 
therapy—there was already a similar institution— 
has been formed under auspices of Dr. R. Knox, 
the senior honorary secretary of the Réntgen 
Society. Heat and light, ultraviolet rays, quartz 
mercury lamps and tungsten arcs, and X-rays and 
gamma radiations were now therapeutically utilised. 
The two latter in particular, it was believed, stimu- 
lated the growth of cells and living organisms in 
small doses; larger doses retarded, still larger 
destroyed and killed the cells. Dr. Batten demon- 
strated this years ago with mustard seed, fish ova, 
fresh-water snails, &. X-rays would destroy 
cancerous growth when lying not more than } in. 
below the surface; most melignant growths were 
deeper, and the deeper layers might hence be 
s‘imulated by the treatment; Dr. Batten therefore 
recommended excision followed by X-ray treatment 
for at least two years. Radium radiations were 
preferred for local treatment at spots little accessible 
to X-rays. The effects of X-rays were not immediate. 
In ringworm, one of Dr. Ba*ten’s own specialities, 
hair began to fall out after a fortnight or later, 
and he suggested that the ringworm fungus and 
spores were ejected at the same time, thus curing 
the disease ; but in his 3,000 cases he had had only 
one case of ensuing permanent baldness. X-ra: 
bulbs, he thought, might further be improved, 
possibly if the comparatively long interval between 
the effective impulses were utilised ; that might be 
attained with the aid of continuous current genera- 
tors for 120,000 volts. Some day, however, 
radiations from radioactive substances might super- 
sede X-1ay apparatus. In his concluding remarks 
Dr. Batten referred to the mystery of life and to 


an immortal soul. If life were merely a form of 
energy in the monistic sense, immanent in matter 
from the beginning in the minute aggregations of 
moving electrons, themselves atoms of matter, then 
the living energy should either die with the cell, or 
should be transformed into some other form of 
energy. There was no evidence of ‘any such trans- 
formation. Life was not electricity, nor was 
electricity life in any sense. Life must be something 
apart from electrons, atoms, and something apart 
also from the material universe, a separate creation. 
But life controlled certain reactions, and X-rays 
possibly acted by modifying the movement of the 
electrons within the atoms of the cell. 





INDUSTRIAL NOTES. 

Tue director of the Department of, Labour Statistics, 
writing in The Labour Gazette, states that in October 
peoamnent remained very good in” most industries, 
and much overtime was worked. In the textile in- 
dustries, however, apart from the woollen and worsted 
trades which were busy, employment generally was 
only fair. 

Trade unions, with a net membership of 1,146,851, 
excluding those serving with the forces, reported 
0-4 per cent. of their members as unemployed at the 
end of October, as com with 0°5 per cent. at 
the end of September and 1-1 per cent. a year ago. 

Of the 3,686,556 male and female workpeople insured 
under the National Insurance Acts of 1911 and 1916, 
the number unemployed at the end of October was 
24,505 (or 0°66 per cent.), compared with 0°67 per cent. 
in the previous month, and 0°78 per cent. a year ago. 
For males and females separately the percentages 
unemployed at the end of October were 0°31 and 1-59. 

The average weekly number of vacancies notified 
to all Employment Exchanges for the five weeks 
ended October 11, 1918, was 40,266, as compared with 
42,627 in the previous four weeks, and with 38,097 
in the five weeks ended October 12, 1917. The average 
weekly number of vacancies filled for the same period 
was 30,697, 33,373 and 28,477 respectively. The 
number of workpeople remaining on the live register 
at October 12, 1918, was 27,125 men, 51,149 women, 
7,462 boys and 7,691 girls—a total of 93,427. 

The changes in rates of wages (including war bonuses) 
reported to the department as having been granted 
in October resulted in an aggregate increase of about 
100,0007. in the weekly wages of over 500,000 work- 
people. No decreases were reported. 

The principal changes recorded were increases 
awarded to dock labourers at all the large ports, 
usually amounting to 14d. per hour, and bringing the 
total war wage advance in most cases up to 84d. per 
hour, and increases of 3s. 6d. per week, or 7d. per 
shift, to men and women 18 years of age and over, 
and of 1s. 9d. per week, or 3$d. per shift, to workers 
under 18 employed at gas undertakings generally in 
Great_Britain. Other changes affecting large bodies 
of workpeople were increases in wages granted to men 
employed at blast furnaces, iron puddlers and millmen 
in the Midlands, pottery workers in North Staffordshire, 
and men and boys employed in the coach-building 
trade. 

The number of trade disputes beginning in October 
was 79, and the total santher of workpeople involved 
in all disputes in progress was 67,900, as compared 
with 205,000 in the previous month, and 80,400 in 
October, 1917. The estimated total aggregate duration 
of all industrial disputes during the month was 282,400 
days, as compared with 831,300 days in September, 
1918, and 503,200 days in October, 1917. 

An outline has been issued of the measures which the 
Government propose to adopt to tide over the period 
of demobilisation and resettlement. The measures 
cover civilian war workers, the armed forces and 
the women employed in the munitions industry. 
Emphasis is laid upon the following point. It is not 
for a single moment intended that the resettlement of 
men and women in peace industries should be carried 
out solely by bureaucratic agencies. On the contrary, 
it is anxiously hoped and desired that every sopubaliie 
voluntary agency in the country which can help will 
come forward and render assistance. In order to guard 
against waste of effort and labour, at a time when 
such waste is above all things to be avoided, it is 
necessary that as far as ible all workpeople should 
be placed by the Employment Exchanges so as to 
avoid such contingencies as two or three jobs being 
found for the same man by agencies working in 
isolation. The experience and local knowledge which 
voluntary agencies, however, such as the Labour 
Advisory Committees (composed half of employers 
and half of workpeople) possess will be in ble, 
in guiding and directing fruitfully the machinery of the 
exchanges. In the early days of the war those who 
could not serve in the armed forces of the Crown set 





themselves to do all they could to stimulate recruiting 
and secure men for the Army and Navy. It is now 
asked that the same energy and enthusiasm should 
be devoted’in the reverse direction, that is to say, 
to securing suitable appointments for the men who are 
returning after serving their country on the seas and in 
the field. 





The department now responsible for dealing with 
questions as to the priority of release from the Colours 
of officers and men serving with H.M. Forces is the 
Demobilisation and Resettlement Department of the 
Ministry of Labour, 6, Whitehall Gardens, London, 
S.W. 1. Inquiries on the subject should be addressed 
to that department and not to the Admiralty, War 
Office, Air Ministry, Ministry of National Service, or 
Ministry of Reconstruction. 

The Admiralty, War Office and Air Ministry will 
continue to deal with individual applications for the 
release of officers or men on compassionate grounds. 

An employer who wishes to insure that a man now 
serving with the forces shall be earmarked for early 
release when general demobilisation begins should 
ascertain his full name, regimental number and rank, 
the full name of his unit, and the Expeditionary Force 
or Command where he is serving, and should then fill 
up and send to the local Employment Exchange a 
specially printed postcard (E.D. 406), copies of which 
may be obtained from Employment Exchanges. 

It should be clearly understood that the general 
demobilisation of the forces has not begun. A limited 
number of pivotal men will be released in advance of 
general demobilisation. The number is small, and 
the industries entitled to receive a proportion are being 
notified of the procedure to be followed. 





The Ministry of Labour make the following announce- 
ment :— 

The scheme of out-of-work donation will come into 
operation on Monday next, the 25th inst., and out-of- 
work donation policies will not be issued before that 
date. 

Donation will ordinarily be paid as follows: To 
ex-members of H.M. Forces, on Thursday, up to the 

receding Tuesday inclusive; to civilian workers on 

riday, up to the preceding Wednesday inclusive ; 
and the first days for receipt of donation in the ordinary 
course will therefore be Thursday, December 5, or 
Friday, December 6. Subject to previous application 
however, payment of the donation due up till Friday 
November 29, inclusive, will be made on Saturday 
November 30. The amount to be drawn on the 
succeeding pay day will, of course, be correspondingly 
reduced. x-sailors, soldiers and airmen will be 
entitled to out-of-work donation policies, available 
for twelve months, if they have actually served with 
the forces during the present war, and civilian workers 
will be entitled to out-of-work donation policies, 
available for six months, if they are British subjects 
and became “employed contributors” under the 
National Health Insurance Scheme before August 25, 
1918, and in the case of boys and girls, between 15 
and 1¢, if they entered employment before that date. 
Unemployed persons desiring to claim donation 
should, on and after November 25, attend at an 
Employment Exchange or Branch Employment Office, 
taking with them their discharge or other military 
certificates if they served in H.M. Forces during the 
present war, or their health insurance record cards 
and health insurance contribution cards if civilian 
workers. In ordinary cases attendance daily or as 
otherwise directed between specified hours at the 
Employment Exchange or Branch Employment Office 
will be required as a condition of receipt of donation. 

Rates of Donation :—Men over 18 gears of age, 
24s. a week ; women over 18 years of age, 20s. a week. 
(With supplementary allowances for dependent children 
of 6s. a week for the first child under 15 years of age 
and 3s. a week for each additional child under that age.) 
Boys between 15 and 18, 12s. a week; girls between 
15 and 18, 10s. a week. (Subject to attendance if 
required at a course of instruction under the Board 
of Education or other central authority.) 

Donation does not become due until after the 
applicant has been unemployed and has attended 
at the Exchange for three consecutive working days, 
and payment will not be made for these three days. 





Speaking last Tuesday at a meeting of the share- 
holders of the British Westinghouse Electric and 
Manufacturing Company, Limited, with a view to 
discuss a for the increase of the capital of the 
company by 5,000,0001, the chairman, Mr. J. Annan 
Bryce, M.P., said that Germany will strain every nerve 
to meet by increased production the tremendous claim 
for reparation and indemnity which every consideration 
of justice demands should be imposed upon her. In 
one important respect, the speaker added, she has a 
great advan over ourselves. Here enterprise has 





not been sad during the war with the colossal 
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burdens in the form of income tax and excess profit 
tax which British enterprise has had to bear. The 
balance-sheet of a German competitor, the Allgemeine 
Electricitits Gesellschaft, shows that at the end of 
1915 they had cash resources of 7,000,0001. accumulated 


to suppose that those resources may have been greatly 
increased during the three subsequent years. The 
Allgemeine and its associated companies have together 
a capital of 50,000,0007. In what form their available 
resources at present exist we do not know, but even 
supposing they are largely in the form of Government 
loans it is perfectly certain that the organising genius 
of the Germans will secure that they become available, 
by State credit or otherwise, for the vital needs of the 
country asa whole. Even a Socialist Government will 
see to that. Do not let us imagine, Mr. Bryce further 
stated, that the Germans won’t have a market. Even 
if the loathing which their bestial methods have inspired 
prevents their direct access to the markets of the 
belligerent countries, it will require great ingenuity to 
prevent their indirect access even to belligerent 
countries. The neutral markets are open to them— 
Sweden, Norway, Denmark, Holland, Spain—and those 
in other parts of the world, countries in which the 
capitalist classes have, owing to the war, increased 
enormously in riches which they are eager to employ 
in every kind of industry for-which these countries 
may offer a field. 

Moreover, the neutral countries themselves where 
the capitalists have become rich will, and indeed do, 
wish to take a hand in the electrical industry for which 
some of them, notably Sweden, Norway and Spain, are 
admirably adapted by their command of water power 

Then there is America. The years of the war before 
she entered it gave her gigantic profits, in which her 
subsequent expenditure, lavish though it has been, 
has not yet made any considerable hole. From 
being a debtor she is now a creditor country. She 
has already advanced to other belligerents, including 
ourselves, 1,600,000,0001. Her technical knowledge 
is of the best, the keenness and energy of her manu- 
facturers immense, and the productive power of her 
workmen unsurpassed. Therefore, the British works 
are up against Germany fully equipped and desperate, 
the neutrals rich and eager, America able, rich and 
determined. In the United Kingdom, moreover, 
the Westinghouse Company has able and powerful 
competitors, some of whom, such as Dick, Kerr and 
Company, and the General Electric Company, have 
lately effected amalgamations, and secured large 
increases of capital, and the necessity imposed upon 
the Westinghouse Company to follow their example. 

Speaking last week at the ordinary general meeting of 
the shareholders of Messrs. Dick, Kerr and Co., Ltd., the 
chairman, Mr. Claud T. Cayley, said that the works had 
continued to be fully employed. During the past few 
months the demand for certain purely war products 
having become less urgent, opportunity had been taken 
to establish a process of gradually changing over, and in 
this connection it was pleasing to note that the Ministries 
of Munitions and Reconstruction had given considerable 
assistance. While, therefore, there must inevitably be 
a hiatus of disorganisation, he hoped to be able to retain 
the continuous services of a considerable portion of the 
workpeople, first of all in the operations necessary to re- 
arrange the factories, and later in standard production, 
provided raw material was available. 





The question of the Demobilisation and Resettlement 
of the Army is dealt with in detail in a pamphlet now 
issued at the price of 2d. by the Ministry of Reconstruc- 
tion. The greater part of the pamphlet is intended to be 
descriptive of the process as it affects the non-commis- 
sioned officer and private soldier, and the information is 
very clearly conveyed in the form of question and answer. 
Two former pamphlets issued by the same Ministry dealt 
with the Aims of Reconstruction and with Housing in 
England and Wales. 

In the seventy-seventh quarterly balance sheet, to 
September 30 last, issued by the General Federation of 
Trade Unions, the secretary, Mr. W. A. Appleton, says 
that the days that lie ahead are full of dangerous possi- 
bilities for British industry. Already the air is thick 
with the sinister promises of ambitious politicians who, 
posing as the friends of labour, seek only in the labour 
movement a force for the advancement of their own 
mediocre ability. The problems of construction are 
greater even than the problems of destruction. The 
Management Committee of the General Federation 
believes that the te commonsense of the le 
will solve those problems just as it overcame all the 
difficulties of the world war. Confidence, states the 
secretary, is the first essential to suceess, and after con- 
fidence a determination to deal only with fact and truth. 
Political power, he adds, has its uses, but it will not 
enable the trade unionist or am else to override 
economic law. The control of labour and industry 


diately abolished, but its continuance for a moment 


_ beyond the absolutely necessary periods would justify, 


and would probably result in wholesale emigration to 
the freer United States of America. 


| The report further states that the membership shows 
for dealing with work after the war, and it is reasonable | ~ : c 


an increase of 98,233, making a grand total of 1,158,864 
members. The societies affiliated to the Federation have 
now a central reserve fund of 254,302I., of which 120,0001. 
is invested in War Bonds. 


Lord Pirrie, Controller-General of Merchant Shipbuild- 
ing, issued last week a manifesto to shipyard workers 
and marine engineers, in which he states that the British 
Mercantile Marine has been one of the most decisive 
factors in bringing the war to a successful conclusion, 
but even now there must be no slackening of effort in 
shipbuilding, as ships are as vitally necessary to-day 
as at any period in the history of this country. During 
the war Britain has lost 9,000,000 tons of shipping, 
whilst Allies and neutrals have lost 6,000,000 tons. The 
world’s production during the war has been considerably 
less than normal, so that the world’s shipping is now 
more than 15,000,000 tons below the tonnage which would 
have existed to-day had there been no war. Millions of 
troops are waiting to be transported to their homes. 
Thousands of cargoes of foodstuffs and raw materials, 
which have been held up during the last four years are 
waiting for transportation. The foodstuffs are urgently 
required not only in this country, but in every country 
in the world, where the great war has dislocated all the 
usual channels of supply. The raw materials are equally 
necessary for the reconstruction of British industries, 
and in order to provide work for the millions of workers 
who are waiting to return to their pre-war occupations. 
Under these circumstances Lord Pi ap with 
confidence to the shipbuilding and marine engineering 
industries of the country not to relax their energies, and 
thereby to ensure that the greatest victory in the world’s 
history shall be followed by an unequalled period of 
industrial activity and prosperity. 

The Prime Minister in December, 1917, stated “‘ Victory 
is now a question of tonnage, and tonnage is victory,” 
‘and to this Lord Pirrie said he might add, “‘ Peace is a 
‘question of tonnage, and tonnage is prosperity.” 





In moving in Parliament last Monday the second read- 
‘Ing of the Wages (Temporary Regulation) Bill, Mr. G. 
Roberts, Minister of Labour, said the main purpose of 
‘the measure was that for a period of six months during 
which industries would be turning from war time pro- 
duction to peace production, the present level of wages 
‘should be maintained. Legislation was necessary, since 
the provisions of the Munitions of War Act would cease 
to be operative as the manufacture of munitions ceased, 
and as there was no immediate prospect of the cost of 
living being reduced, it was necessary to maintain wages 
‘at the level to which they had been raised, in order to 
‘meet that cost. The changes in wages which had taken 
\place during the war covered, in regard to men, all the 
‘industries concerned whether they were or were not pro- 
\ducing munitions, therefore no new obligation would be 
imposed by the Bill. In regard to women, the change of 
wages during the war had not covered the whole trade or 
industry as in the case of men, and it was of great im- 
‘portance that women should be protected in equal degree 
with men. The Bill, which was to operate for six months, 
‘only proposed that wages which had resulted from 
orders under the Munitions of War Act, or from awards 
or agreements, should be maintained. Where an order 
did not apply, power was being taken by the Ministry 
of Labour to make orders. The place of the Committee 
on Production would be taken by interim arbitration 
tribunals, consisting of employers’ and workpeople’s 
representatives with an independent chairman, and 
women would be represented where women’s wages were 
concerned. 








Controt or Importep Goops: ITaty.—According 
to The Board of Trade Journal, H.M. Ambassador at 
Rome reports that iron, steel and cast-iron goods have 
been removed from the list of goods which cannot be 
imported into Italy by private firms. This concession 
includes machines, machinery parts, tools and machine 
tools. 


PersonaLt.—Sir W. G. Armstrong, Whitworth and 
Co., Limited, of Openshaw, Manchester, have now 
appointed the following district representatives through- 
out the country, and have opened permanent district 
offices in connection with their tool steel and small tools 
business :—London and Southern District: Representa- 
tive, Mr. Ernest Wilson, 8, Great George-street, West- 
minster,8.W.1. Scotland and Ireland : presentative, 
Mr. A. 8. Jones, 1374, St. Vincent-street, Glasgow. 
Midland District: Representative, Mr. Walter Todd, 
158-161, Great Charles-street, Birmingham. North- 
Eastern District: Representative, Mr. J. D. Smith, 
Pilgrim House, Filgrim- street, Newcastle - on - Tyne, 
‘Lancashire and Wales: Representative, Mr. T. W. 





which has obtained during the war cannot be immé- 


tchells, 5, John Dalton-street, Manchester. 


NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scotch Steel Trade.—Already some of the changes, 
which were bound to take place when urgent war work 
came to a cessation, and the more peaceful requirements 
of normal times were once again the order of the day, 
have come into operation. is is especially noticeable 
in the steel trade, where much of the material forming 
the daily output, such as plates, sectional bars, joists, 
&c., is as necess in peace time as in war. Steel of 
all kinds is greatly in requisition now for ordinary 
mercantile work, and manufacturers find themselves 
in the happy position of having such well-filled order 
books as keep them going during the difficult period 
of reconstruction. Then, the shipbuilders will continue 
to make extensive demands upon steelmakers for some 
considerable time to come; they are only too willing 
to take advantage of the permission to undertake private 
orders as soon as berths become vacant. That certain 
restrictions attach to this coneession should be no deter- 
rent to active business, for no one realises more keenly 
than do the shipbuilders the great need there is for mer- 
chant shipping. 


Scotch Pig-Iron Trade.—Although the altered con- 
dition of affairs will make many changes in industry 
these will in no way affect the pig-iron trade, as the 
demand for all brands will increase rather than diminish, 
especially when the restrictions on export come to be 
removed. Meantime there continues to be a brisk 
demand for hematite, the steel works rapidly absorbing 
every available ton of output for the production of the 
constructional work, &c., required by the shipbuilding 
yards. There is still a certain shortage of foundry iron, 
particularly of No. 3. 


Malleable Iron Trade.—In the malleable iron trade, 
as in other branches of industry, some very radical 
changes are inevitable in the scheme of readjustment, 
but, so far as can be seen, there is little risk of any 
period of dull trade. Both at home and abroad the 
ordinary mercantile consumer has suffered severely from 
want of material, so that, now that malleable iron 
makers are free to resume operations from the old stand - 

int, it will be possible to ensure adequate and speedy 

eliveries as required. An era of prosperity certainly 
looms ahead. 





Tron anp Steet ExcHaNGEe ror Lonpon.—We are 
informed that an iron and steel exchange has been 
founded in London by a group of some 40 of the leading 
British firms engaged in the iron, steel and metal indus- 
tries. It comes into being at an auspicious moment, 
when the whole time of industrial activity is being turned 
from purposes of war to purposes of peace. The secre- 
rem office is at 113, een Victoria-street, E.C. 4, 
and for the purposes of its business, the London Iron 
.and Steel Exchange, Limited, has secured the great 
Pillar Hall of Cannon-street Hotel. 





PLant AND MAcHINERY FoR Civin Worxk.—The 

Minister of Munitions announces that contractors in 
possession of plant and machinery owned by the Ministry 
of Munitions who wish to utilisesuch plant and machinery 
for civil work may do so provided they notify the super- 
intendent engineer in their area within one week from the 
date upon which the plant and machinery was first used 
for pu other than those for which it was provided. 
The utilisation of such plant and machinery will impose 
no obligation upon the contractor to purchase or the 
Ministry to sell, although should a sale not be effected 
)to the contractor he will be required to pay a reasonable 
hire, which, unless an agreement exists to the contrary, 
‘will in no case exceed the rate of 20 per cent. per annum 
‘upon the cost price of the machine, and also to release 
tne machine when required to do so by the Minister. 





University or Lonpon.—Under the statutes of the 
‘university, facilities have been afforded to students 
of other universities, approved for the purpose, for 
proceeding to higher degrees in the i my ’ of London 
without taking a lower degree. Since 1901 about 
350 students from British, Colonial, Indian and foreign 
universities who have obtained degrees in those universi- 
ties, or who have passed the examinations for degrees 
(even though they have not received the degune) have 
been registered as ‘‘internal students’’ with a view 
to their proceeding to the degrees of Master and Doctor. 
A pamphlet now issued, containing revised regulations, 
jis due to the desire of the university still further. to 
encourage students from all parts of the Empire to 
continue their studies in London, where exceptional 
opportunities exist for research work in almost all 
subjects. Overseas students, on giving the necessary 
details with regard to their previous courses of study, 
the degrees which they have obtained, and the examina- 
tions which = have passed, me intormed before 
they leave their own country whether they can be 
registered as students for higher degrees, and, if so, 
under what conditions. They may further be advised 
as to the selection of a college, school or institution for 
the particular subject of research which —e desire to 

rsue. The minimum period of residence in London 
or registered students proceeding to higher degrees 
under these regulations is two years, subject to their 
compliance with the other conditions laid down. The 
pamphlet. contains not only the special regulati 
relat to the registration of persons as students for 
higher degrees, but also a conspectus of the requirements 
for higher degrees in the several Faculties. It is intended 
to pu at a later date a handbook for post-graduate 
students, describing the facilities -for instruction in 

Faculties and for study in libraries, laboratories 


and museums. 
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NOTES FROM SOUTH YORKSHIRE. 
Suerrietp, Wednesday. 
Iron and Steel_—But little work has been done in the 
large steel works during the past week, most of the men 
seizing the opportunity of the cessation of hostilities 
to take a well-earned holiday after their arduous labours 
of past months. The stoppage of munition 
has rolaxed large stocks of steel, copper and other metals 
badly needed in the ordinary walling activities of the 
country. The prospects of full employment during the 
coming winter are bright. Many of the men drafted 
into the armament works have already returned to their 
old occupations, and women are being disc by the 
thousand. Employment will be found for practically 
all male help, though employers generally, intend that 
returned soldiers shall have the first claim on them, 
and the whole of these will be reinstated as demobilisation 
proceeds. Overseas trade prospects are good. The 
upheaval in Germany and Austria will, it is considered, 
eliminate these countries as serious competitors for some 
time to come, and with Belgium and France as prospec- 
tive large buyers, there is a bright outlook for both this 
country and the United States. It is anticipated that 
shortly the control regulations will be substantially 
relaxed, though up to the present nothing has been done 
in this direction. Contracts for other than direct 
munitions have not been cancelled, and it is expected 
that for months to come army supplies will continue in 
strong demand. 


South Yorkshire Coal Trade.—The stoppage during last 
week has greatly affected the output, and tuated 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ; 
MippiesBrovucH, Wednesday. 

The Cleveland Iron Trade.—There is some feeling 
of uncertainty as to prices and as to control of trade, 
but the prevailing opinion seems to be that for a while 
quotations will not be altered, and that there will be no 
immediate relaxation of conditions of trading. Home 
demand for Cleveland pig-iron is still heavy and needs 
of the Allies are very considerable, so much so that little 
or no iron is available for neutrals on behalf of whom 
there is very substantial inquiry. Applications for 
licences for exports to neutrals meet with little or no 
success. Stoppage of blast furnaces for the armistice 
holidays has n attended with difficulties on resump- 
tion of operations, the result being that output of foundry 
iron, which was already below the normal, has been 
reduced, and make of the lower qualities increased. 
For home consumption, No. 3 Cleveland pig-iron, No. 4 
foundry and No. 4 forge are all quoted 95s., and No. 1 is 
99s.; whilst for shipment to France and Italy, No. 3 
and the lower qualities are 122s. 9d. and No. 1 is 127s. 9d. 


Hematite Iron.—In the East Coast hematite trade 
parcels for Allies are stated to be on a rather smaller 
scale. Home demand shows little change and is 
adequately dealt with. Mixed Nos. are 122s. 6d. for 
home use, and 147s. 6d. for export to France and Italy. 


Foreign Ore.—Consumers of foreign ore are under- 
stood to have ample stocks, and good supplies are 





an already serious situation. Supplies of house coal 
are scarcer than ever, and merchants have had a great 
diffizulty in securing even a limited allotment. At most 
of the collieries there is a great accumulation of wagons, 
and the preference given to dispatches to the metro- 
politan area is causing much heartburning among outside 
dealers. In some districts there is almost a famine in 
house coal. The demand for steams continues brisk 
and seems to have been hardly affected by the stoppage 
in the big munition works. Stocks are very low, and all 
classes of fuel are in brisk request. Prices continue at 
the maximum. Gas coal supplies are on a reduced scale, 
the demand from inland works where stocks have been 
seriously reduced, being very pressing. Colliery slacks 
are also keenly sought, but there is no tonnage on the 
open market. The demand for blast-furnace coke 
continues as strong as ever, values being at full rates. 
Quotations :—Best branch handpicked, 278s. to 28s.; 
Barnsley best Silkstone, 27s. to 27s. 6d.; Derbyshire 
best brights, 25s. to 268.; Derbyshire house coal, 
22s. 6d. to 238. 6d.; best large nuts, 22s. 6d. to 23s. 6d. ; 
small nuts, 21s. 6d. to 22s. 6d.; Yorkshire hards, 22s. 6d. 
to 238. 6d.; Derbyshire hards, 21s. 9d. to 228. 9d.; best 
slacks, 18s. to 19s.; seconds, 16s. to 18s.; smalls, 
138. to 14s. 





Rerractory Matertats.—The Minister of Munitions 
has ordered as follows: No person shall, on or after 
October 1, 1918, until further notice, offer to sell or 
purchase, or sell or purchase, or deliver or take delivery 
of any of the refractory materials specified in a schedule 
he has issued, at a price exceeding the price set opposite 
the same in the said schedule, except under and in 
accordance with a special permit issued under the 
authority of the Minister of Munitions. All applications 
under this Order shall be made to the Deputy Controller 
of Iron and Steel Production, Ministry of Munitions, 
8, Northumberland-avenue, London, W.C. 2. 

Merceant Townace Losses anp Sariives.—The 
losses of British, Allied and Neutral merchant tonnage 
due to enemy action and marine risks during the month 
of October, 1918, compared with preceding periods are 
set out below :— 





forward regularly against running contracts, 
business is quiet. 


Manufactured Iron and Steel.—In the finished iron 
and steel industries slackness is noticeable in some 
branches, due to cancellation of Government orders, but 
demand for shipbuilding and constructional material is 
unabated. Buch slackness, however, is not likely to 


but new 


be of lengthy duration as there are very numerous 
private orders to commence upon so soon as conditions 
permit. Meanwhile prices, all round, are unaltered. 
Principal market quotations stand :—Common iron 
bars, . 158.; best bars, 151. 158.; best best bars, 
162. 15s. ; best best best bars, 17/7. 15s. ; iron ship plates, 
15. 108.; iron ship angles, 13/. 17s. 6d.; iron ship 


rivets, 211. ; steel ship plates, 117. 108. ; steel ship angles, 
11d. 28. 6d.; steel boiler plates, 127. 10s.; steel strip, 
171. 108. ; steel hoops, 18/.; and heavy sections of steel 
rails, 101. 178. 6¢.—all f.o.t. at works. Export prices 
are not fixed, but they are approximately 40s. above 
home quotations. 


Steelworkers’ Dispute.—A dispute over steel sample 
passers’ wages has assumed a serious aspect. Large 
Middlesbrough works are laid idle, and all members of the 
Steel Smelters’ Society have been advised to cease work. 
The trouble has arisen in consequence of the decision 
of the Committee on Production not to uphold the 
sample passers’ claims. The sample passers act as 
foremen in the smelting departments and their earnings 
range from 10/1. to 162. per week according to conditions 
of work in the different plants. During the war their 
increases varied from 2/. 10s. to 41. 10s. per week, and in 
some cases even more. A proposal by the employers 
again to submit the points in dispute to arbitration on 
condition that the men resumed work has been declined 
by the sample passers, with the result that the smelters 
have struck work. 


Coke.—Coke is more plentiful. Heavy local demand 
is quite adequately met. Medium blast-furnace kind is 
338. at the ovens, and low phosphorus quality 35s. 6d. 
at the ovens. 





Enemy Arrorart Exurprrion.—The exhibition of 
enemy aircraft in London at the Agricultural Hall, is 
































NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—The markets reopened this 
week under strong pressure. Over the week-end the 
tonnage had increased, and in view of the recent deple- 
tions in the stocks of coal and in the output of the 
collieries there is a general shortage, and shipments are 
being retarded. The complaint is now general that 
the shipments difficulties at the port of Cardiff are 
accentuated by the relative inefficiency of coal shipping 
facilities. Many of the tips are in a bad state of repairs 
and the view is held that unless measures are taken 
without delay to bring them up to date the lack in the 
supply of ample provision for the shipment of coal will 
react very prejudicially on the export trade in the 
immediate future. Exporters are regarding the outlook 
in this matter with growing apprehension. The pressure 
of the Admiralty demand shows no sign of relaxation, 
and the quantities available for export to neutral 
destinations remain limited to the figures determined 
upon some time ago by the Coal Controller and the Coal 
Exports Department of the Board of Trade. The market 
for other large qualities is also active, and smalls are 
being disposed of with little difficulty. The position 
in regard to pitwood is easy, and the supply is sufficient 
to meet the needs of the collieries. 


Newport.—The conditions in the market for Mon- 
mouthshire coals remain unchanged. Shipments are 
not so heavy as they might be owing to the restricted 
outputs of the collieries following the armistice cele- 
brations, through theweek practically all the pits are 
working. Black Veins are the strongest feature, but 
the demand is also active for other p aval of Western 
Valley as well as for the more bituminous Eastern 
Valley coals. ey little is being released for neutral 
destinations, the demand from allied countries being 
urgent and in excess of the available supplies. A better 
outlet is also being provided for small coals, for which 
an increased demand has taken place. 


Irregular Colliery Stoppages.—Complaints have re- 
peatedly been made by the coalowners of sudden 
stoppages at the collieries without the men giving the 
requisite 14 days’ notice as provided in the general 
wage-rate agreement. In a number of cases it was 
decided to take proceedings to recover from the men 
concerned. Fortunately, the employers have acted very 
tactfully, and it was intimated at the Standing Joint 
Disputes Committee of the Welsh Coal Board yesterday, 
the summonses issued would be withdrawn in a number 
of cases, as the men concerned had given an undertaking 
that there would be no recurrence of these dislocating 


stoppages for a definite period. This intimation has 
resulted in other workmen following suit, and there now 
appears every prospect that this evil, which has been 


so much in evidence on the South Wales coalfield, may 
at least be appreciably diminished, if not eliminated. 


Clerks as Members of Miners’ Federation.—Exception 
has been taken by the coalowners to clerks joining the 
Miners’ Federation. It is pointed out that these men 
have access to confidential information and colliery 
companies are likely to be prejudiced if they become 
members of the federation. It is the aim of the latter. 
however, to secure as members all who are employed 
in connection with collieries whatever may be the class 
of work which they perform, and at the last meeting 
of the Coal Conciliation Board, the owners intimated 
very pointedly that if the federation persist in recruiting 
these men as members then the owners will have to take 
steps to protect themselves. 


Demobilisation of Miners.—As far as South Wales is 
concerned only a very few miners have been rele 
from His Majesty’s forces. A ments are being 
rapidly completed with a view to the re-employment of 
the released men, but at a meeting of the Executive 
Committee of the South Wales Miners’ Federation held 
here to-day complaints were made that in some instances 
the owners had not taken the necessary steps to provide 
employment for these workmen. It was, therefore. 
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request that a special meeting of the Joint 
Coal Board be immediately convened to deal with the 
whole question, and this will probably be done within 
the next few days. 





THe ENGINEERING Soctretry, Kino’s Cor_Eece.— 
We are asked to announce that the dinner of this society 
will be held at the Trocadero Restaurant on Friday, 
December 6, at 6.30 p.m. Service dress (slacks) or 
evening dress. All past members are invited. Applica- 
tion for tickets, price 10s. 6d., should be made to Messrs. 
Bryce or Jotikasthira, King’s College, Strand, W.C. 2. 





Private Bitts ty PartiaMENt.—The Chairman of 
Committees in the House of Lords intimates that he will 
give favourable consideration to the introduction, during 
the next session of Parliament, of late Private Bills 
(i.e., Bills not deposited in December in accordance with 
Standing Orders) for which urgency can be claimed owing 
to the armistice and pees of peace. The Bills 
referred to are Bills which have been he 
war and Bills dealing with new projecte calevlated to 
promote the work of reconstruction. Application for 


leave to introduce any such late Bills should be made 

in the session in order.to secure due time for their 

. Before making this intimation the 

Lord Chairman has been in consultation with the Crair- 

man of Ways and Means, who antici 
of Standing 


House of Commons. 
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THE WEISS 





Elevation and Cross Section of Weiss Eng 


From our contemporary, @nternational Marine 
Engineering, we reproduce on this page illustrations of 
a modified type of high compression oil engine which 
has been introduced by the Weiss Engine Company 
of 17, Battery-place, New York. The engine, whicn 
is rated at 400 h.p., has four cylinders 16} in. in 
diameter, the stroke being 33 in. The engine operates 
on the two-eycle-system, and its special characteristic 
lies in the provision made for the effective scavenging 
of the spent charge. As shown in Figs. 1 and 2, there 
are two circular ports in the cylinder wall. The 
upper of these is an exhaust port, whilst the second is 
connected-up with a supply of air under slight pressure 
provided by a blower. As the piston uncovers the 
upper port the spent gases escape and, in view of the 
consequent rapid expansion and accompanying fall of 
temperature, the pressure within the cylinder is stated 
to drop slightly below the atmospheric. At this stage 
the piston uncovers the lower port and a supply of 
pure air from the blower sweeps into the cylinder. 
A further downward motion of the piston allows of 
the entry into the cylinder of air which has been com- 
pressed into the crank chamber to about 5 Ib. per 
square inch. This air obtains access to the upper side 
of the piston by passing up between the spiral ribs 
which, as indicated in Fig. 1, guide the piston during 
the latter portion of its stroke. The volume of air sent 
into the cylinder is, it will be seen, considerably in 
excess of the piston displacement and the scavenging 
is in consequence very complete. The piston requires 
no baffle plate but has, as shown, a simple conical 
head which is not liable to distortion when heated, 
The fuel supply is sprayed into the cylinder under 
pressure, being fed to each cylinder in proper sequence 
by a distributing valve mounted at one end of the 
engine as indicated in Fig. 3. The other valve there 
shown is an air-distributing valve used in starting the 
engine. Both are driven from the crankshaft by 
spiral gearing. Piping (not shown in the illustrations) 
connect these distributing valves with the cylin- 
ders. The air is supplied by an independent com- 
pressor at 200 lb. gauge pressure. It is used, more- 
over, to spray the fuel into the cylinder, an adjustable 
reducing valve being utilised to this end, as the 
pressure necessary for effective spraying varies with 
the character of the oil used. The sprayer is fitted 
centrally into the cylinder head as shown in Figs. 
1 and 2, whilst the starting air is admitted when 
required through the valve shown to the right in 
Fig. 2. Since the engine is intended for marine 
purposes, provision is made for reversing it by changing 
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over the distributing valves. This is effected by the 
hand levers represented in Fig. 3. 

The ignition is automatic and the maximum pressure 
attained is about 500 Ib. per square inch. The weight 
of the engine is said to be about 150 Ib. per brake 
horse-power. Forced lubrication is fitted through- 
out. ' 





SPITzBERGEN AND Irs Resounces.—In an article in 
@ former issue (ENGINEERING, vol. civ, p 596) we gave 
particulars, illustrated by a map, of the mineral resources 
of Spitzbergen and of the British, Norwegian, Swedish, 
Russian and German claims to these. An expedition 
was .ecently fitted out and despatched to the islands 
with the full support of H.M. Foreign Office, who granted 
the protection of the British Flag. The expedition had 
in view and accomplished the following objects: To 
rotect and further extend the claims ot the Northern 
xploration Company, Limited ; to form a permanent 
camp upon the company’s coal and iron properties ; 
to take possession of the German claims ; to investigate 
the rumours of claim jumping and to put 4 stop to any 
infringement of the company’s rights; and to make 
posgeentiean on a considerable scale for the getting of 
coal and iron in the spring of 1919. 
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BALANCED REACTIONS IN STEEL 
MANUFACTURE.* 
By AnprEew McCanceg, D.8c., A.R.8.M. 


THERE is no satisfactory theory of the reactions which 
take place in the open-hearth furnace during the manu- 
facture of steel. A general view presents several se te 
groups of facts with independent explanations which have 
not yet been connected, one with the other, in logical 
sequence. In this paper a rough outline is put forward 
of these facts considered from the standpoint of physical 
chemistry and of well-established theoretical principles, 
and the connection which exists between the nal 
bored of the solid steel and the antecedent conditions 

uring manufacture is traced with special reference to the 
contained gases. Though the author deals mainly with 
the open-hearth process, much of course is applicable to 
the other processes of steel manufacture where the general 
we are similar in principle though different in 
etail. 

Meilting.—During the melting period in the furnace the 
metal is in contact with a variety of gases, such as CO:. 
water vapour, nitrogen, as well as unburnt oxygen and 
CO, with which it can react under appropriate conditions. 
There is one fact which guides us, however, in deter- 
mining the dominant tion from among the many 
complex reactions possible, and that is, that as the 
average temperature of melting ite lower there is 

ter oxidation of the scrap and consequently more 

‘eO in the slag. Every steel-smelter knows that \ ith 

a cold heat there is a more open slag and a greater 

tendency to go on the boil without ore than when the 

charge is melted hot. In terms of slag analyses, the 
following are two typical cases :— 





FeO. SiOz. 
Cold heat 36-3 36-4 
Hot heat 20-8 45-0 


The higher the temperature is, the rate of oxidation of 
the iron gets less, and possible reactions may be considered 
in the light of this fact. 

1. The direct oxidation of the iron by the air is ruled 
out of account at once, since it is known that the rate 
at which scale forms on an iron surface increases greatly 
with temperature. Direct oxidation does, of course, 
take place, but it is not the main cause of oxide forma- 
tion, but only a secondary one. 

2. Oxidation by COz is possible in two ways— 

Fe + CO2 = FeO +CO— 2-3ealt . (1) 

3 Fe + 4CO2 = Fes04 + 4CO — 1-4cal. (2) 
These are balanced reactions, of which the first has been 
worked out fairly fully, and the composition of the gases 

*A contribution to a genera] discussion on ‘ The 
Occlusion of Gases by Metals,” at the Faraday Society, 
on Tuesday, November 12, 1918. 

+ Baur and Gldssner, Zeit. physik. Chem., 1903, vol. 
Ixiii, page 354. 
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which are in equilibrium with iron and ferrous oxide at 
different temperatures is as follows :— 

















Temperature. co | CO, | Ratio co 
~~ Cc. per cent. 
50 54-0 46-0 1-16 
650 58-0 42-0 1-38 
750 61-0 | 39-0 1-56 
850 68-0 32-0 | 2-12 
900 71°56 28-5 2°51 





In Appendix II the author has calculated what the com- 
position would be at higher temperatures, and finds 
that at 1,500 deg. it would be CO = 92-4, and CO2=—7-6, 
so that if the iron was in contact with any gas containing 
more than 7-6 per cent. COg it would be oxidised. But 
the burnt gases in a steel furnace contain very little CO, 
and consequently reaction is ible. But the higher 
the temperature the greater will be the difference between 
the gases in contact and the gases in equilibrium, so that 
the higher the temperature the greater the oxidation. 

This result can obtained in another way by the 
Le Chatelier principle, for on giving the reaction heat, 
it must proceed so as to absorb heat. It has a negative 
heat of reaction, and must in consequence proc from 
right to left, that is, more FeO will be formed. Exactly 
the same result is obtained with the second reaction, 
so that neither of these can be the dominant reaction 
during the melting period. 

3. The action al deus on iron gives— 

3 Fe + 4 H2O = Fes04 + 4 He. + 38-5 cal.* 

With increasing temperature the amount of hydrogen 
ets less, and the same result follows from the Le 
hatelier principle, so that the rate of oxidation is in 

accord with the slag condition as observed in practical 
working. 

If the loss due to scaling is to be minimised and as 
little of the charge as possible is to find its way into the 
slag as oxides, three conditions have to be observed :— 

1. Melt down rapidly. 

2. Melt down at high temperature. 

3. Have a low steam content in the burnt gases. 

Nos. 1 and 2 give together hot and quick working. 
It is often held that during the melting-down period 
the temperature of the bath must be constant, since 
there is solid and liquid metal in contact; but this is 
only true if there is equilibrium, which never holds for 
steel-melting furnaces. So long as the liquid bath is 
wentas at the expense of the solid om there is a 

ifference in temperature between them, the quicker 

the rate of melting the greater must this difference be. 
Pyrometer observation shows, in fact, that the tempera- 
ture of the liquid bath is rising steadily during the 
melting period. 

The presence of steam in the burnt gases arises from 
the combustion of the hydrogen in the producer gas 
together with any undecomposed steam which 

through the producer. The composition of 
the gas has therefore a direct bearing on the working of the 
furnace and on the loss of metal due to scaling. 

As a result of this reaction the steel has an opportunity 
of absorbing hydrogen. There is no ———— 
evidence as to the extent of the solubility of hydrogen 
in iron in the liquid or solid state. Baraduc-Mullert 
found that the rate of evolution of hydrogen duri: 
solidification was not much greater than the rate o 
evolution after the steel had completely solid. 
If there is little difference in the solubility in the liquid 
and in the solid state, it is unlikely that hydrogen is 
ever the cause of blowhole formation in steel. 

Boiling Period.—After melting, the liquid bath has a 
covering of slag containing FeO and other oxides (which, 
however, take no part in the subsequent reactions), 
together with silica, Independently of how these con- 
stituents are combined one with the other, the slag can 
be regarded as an impure solution of ferrous oxide in 
silica, The addition of iron ore increases the strength 
of this FeO solution, and since there is no contrary 
evidence it must be inferred that iron oxide so added 
cannot act on the steel bath without first going into 
solution in the slag. ‘The first action of the slag is to 
oxidise any Si and Mn in solution in the liquid metal ; 
but these reactions need not be considered here, since 
they do not give rise to gaseous reaction products. 
After they have been removed, however, the carbon is 
attacked according to the equation : 


FeQ0+C=CO+Fe . . . (3) 


The FeO is derived from the slag, but there are many 
reasons for believing that the reaction is by no means 
confined to the surface layers of metal, but takes place 
equally throughout the whole mass of liquid. If the 
slag is scra off during the boiling period, the metal 
still goes on boiling vigorously, and can do so for a con- 
siderable time although there ar> only traces of slag in 
contact with the steel. Clean pieces of Swedish charcoal 
iron containing 0-16 per cent. carbon lose all their 
carbon when melted in a nesia crucible in an electric 
vacuum furnace.~ When a local area in the bottom of 
an open-hearth furnace gets bad, the boil takes place 
much more vigorously over that area than elsewhere, 
and the vm. may be projected some distance above the 
general level through the energetic action. Such facts 
point to the CO being liberated simultaneously through- 
out the mass of aatel and since the carbon is in solution, 








* Deville, Liebig Ann., 156, page 76.; Preuner, Zeit. 
physik. Chem., 1904, 385. 

} Journal of the a and Steel Institute, Carnegie 
Res. Mems., 1914, 216. 

t Yensen, Bulletin, Illinois University, No. 72, page 41. 


it entails that the FeO must also be in solution in the 
steel. 

On this assumption the FeO is divided between two 
solvents, the slag and the steel, and the application of 
the partition law to such a system indicates that the 
concentration of the FeO in the steel must bear a constant 
ratio to that of the* slag if the molecular condition of 
both solutions be the same. If FeO in the steel be 
removed from solution, then more FeO will pass from 
the slag into the steel, until a balance is once more 
obtained, and if the FeO be continuously removed, then 
a continuous flow of FeO will come from the slag and 
will endeavour to replace the loss. If no addition of 
FeO be made to the slag (in the form of iron ore) then 
the percentage content will fall continuously. 

The mechanism of the carbon reduction in the open- 
hearth can now be understood, for as the ore 
is added to the slag it dissolves as FeO, which is trans- 
ferred in solution to the bath, and reduced by the carbon 
there with the production of CO. The reaction will 
follow the laws of ical kinetics, so that, stating 
the concentration of the FeO in the slag as Creo, the 
concentration in the steel will be aCreo, where a is the 
partition coefficient. If Cc and Coco stand for the 
corresponding concentrations of the carbon and the 
carbon monoxide, the reaction velocity will be : 

SE = KlaCro — 2) (Co — 2) — k(Coo — 2) 
where K and & are constants. 

The carbon monoxide which is first given off dissolves 
in the steel, but whenever the steel becomes saturated 
the excess gas will escape into the atmosphere. This 
is the commencement of the boil. The steel from this 

t is therefore saturated with gas, so that the CO 
term in equation 2 can be neglec On integrating, 
this equation takes the usual logarithmic form, and the 
log of carbon against time should plot a straight line. 
It is to be remembered at this stage that this will only 
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be true if no external addition is made to the FeO after 
the reaction starts—that is, if no ore is added to the 
charge after the boil commences. Fig. 1 gives curves 
taken from results obtained by the author. Sample 
were taken every 20 minutes during the course ot two 
acid open-hearth charges from the time the metal was 
melted until it was tapped out. It will be seen that the 
straight line fits the points surprisingly well, considering 
that in a melting furnace colbe aad weske conditions 
it is impossible to keep other complex influences constant, 
as the theory assumes. 

The curves are interesting in another way, for each 
really consists of two parts. The first part relates to 
the loss of carbon before the boil commences, when the 
bath still contains some silicon and anese. The 
commencement of the boil is marked by a distinct angle 
between the two ——_ of the curve, and the rate of loss 
of carbon when the other elements are present is much 
less than when they are absent. 

As the carbon in the bath gets less, the rate at which 
it is being reduced also gets less, until it ultimately 
becomes of the same order of magnitude as the rate of 
the reverse reaction brought about by the presence of 
the CO. When it becomes equal to the latter, then 
equilibrium is established and no further carbon is 
oxidised. When this takes place, equation 2 reduces 
itself to : 

Cente ee (4) 
k a.C.ro.C.c. 





How far the attainment of equilibrium is possible in 
a melting-furnace is a difficult question to decide. The 
carbon, for one thing, is never constant, but is always 
dropping slowly, and the time element in practical 
working necessitates the adoption of other means for 
controlling the oxides in solution. But the conditions, 
however they may vary, are always trying to approach 
equilibrium, and alterations in the external conditions 
will have the same effect whether it is attained or not. 
Since the steel is saturated, the upper term will remain 
constant in equation 4, and so the lower the carbon in 
the steel at the final stage, other things being equal, the 
higher the t of FeO and vice versa, which accounts 
for the fact that mild steels are more difficult to de- 
oxidise than higher carbon steels made under the same 
so added slag which is 
ing lime is toa whic in equi- 
libeiutn with the metal underneath, then the FeO con- 








centration of the slag is reduced and the metal is no longer 
in equilibrium, but contains excess FeO which will act 





on the carbon available until equilibrium is once more 





attained. For this reason CaO can replace ore with 
advantage towards the end of the boil, but it is obvious 
that this action cannot take place at the beginning of 
the boil, since the effect would then be directly opposite 
and it would retard oxidation. Any diluent, such as 
manganese ore, magnesia, &c., would act exactly in the 
same manner. 

The influence of temperature is very important, and 
in the author’s opinion it is the one method of control 
which is neglected in practical steel-making. It is not 
sufficient to tap a charge which leaves no ladle skull 
and possesses an excess of heat which is irregular and 
varies from charge to charge. Much more than that is 
implied by ‘‘temperature control.” It is the production 
of charges of steel which have been worked in the furnace, 
and which have been cast with a constant and known 
amount of superheat over the temperature of solidifica- 
tion. 

In Appendix I the calculations are given which show 
that for a variation of 50 deg. in the finishing temperature 
a decrease of more than 33 per cent. is possible in the 
amount of FeO which the steel carries in solution. The 
author has already shown the great influence which 
this fact has on the number of non-mefullic inclusions 
present in the finished steel.* The reduction in the FeO 
content of the steel with rising temperature reacts 
correspondingly on the slag, with the well-known results 
of thickening it. High temperature working gives 
siliceous slags. 

Reduction of Silicon.—With a highly siliceous slag 
in contact with iron and carbon, reduction of the silica 
may take place in two possible ways : 

SiOz + 2C = Si + 2CO — 122 cal . - (5) 
SiOz + 2Fe = Si+ 2FeO— 5lecal. . (6) 


and in both an increase in temperature will lead to a 
greater reduction and the formation of more silicon. 

From the results of a large number of estimations 
the author has found that in acid open-hearth working 
the reduction of sili during the finishing stages, when 
the ¢arbon is in the region of 0-15 per cent. to 0-20 per 
cent., is practically negligible. It is within the limite 
of chemical error. In acid electric-furnace work, on the 
other hand, it is quite appreciable, and it is possible 
to reduce 0-2 per cent. to 0-3 per cent. direct from 
the slag. In crucible melting, the killing of the melt 
results from the reduction of the silica of the clay pot, 
but crucible charges are usually high in carbon, and it 
is much more difficult to kill low carbon charges in 
this manner. The experiments of ‘MacWilliam and 
Hatfieldt showed that this reduction may be brought 
about in open-hearth furnaces, but it is noticeable in 
their figures that when reduction takes place the carbon 
is about 0-40 per cent. 

It is fairly evident, therefore, that it is the carbon 
which reduces the silica and not the iron. The reverse 
reaction in equation (5) is important when additions of 
silicon are made later for deoxidation purposes. 

Manganese behaves similarly, and need not be con- 
sidered separately. 

Carbon M ide.—The p of CO in solution in 
iron entails a further reaction with the FeO: 


FeO + CO= CO2+ Fe . e 7) 


—a reaction which has been studied over a considerable 
range by Baur and Glassner{ for solid Fe and FeO. 
Their results, however, will not énable us to arrive at 
pane conclusions regarding the equilibrium of 

same materials when they are in a state of solution. 
Qualitative deductions in accordance with experimental 
facts can, however, be made. This equilibrium is 


independent of pressure, and the ratio of am under 
reduced pressure is therefore constant. This is shown by 
the results of Barraduc-Muller§ in the composition of 
gas drawn off an ingot in four periods between the time 
of casting and the solidification of the metal : 

















No. co. co, | Ratio oo, 
1 43-2 5-2 8-3 
2 56-8 4-0 14-2 
3 40-8 4-8 8-5 
4 24°8 2-8 8-8 








Excepting No. 2, the constancy is extremely good when 
the difficulties of the experiment are remembered. 

A lowering of the temperature of working greatly 
pane the ratio (see Appendix II). Thus in cast 
iron|] : 


. CO 

ie. are 

Cast Temperature. Rat TO: 
1,428 ben oés éec i. | 83 
1,348 des bes eee wos |: RDF 
1,264 awe wus ‘ oe 7-2 


The bearing which this has will be considered in the 
next section. 

The Formation of Blowhol It is ag a 
the solubility of gases in liquids increases as the tempera 
ture is lowered, but at the freezing-point the eolubility 
is much less in the solid state than in the liquid condition. 








* Journal of the Iron and Steel Institute, 1918, 1. 
289. 
Thid., 1902, 1, page 54. re 
t Zeit. physik. Chem., 1903, vol. xliii, page 461. 


§ Journal of the Iron and Steel Institute, C.8.M., 1914, 


216. 
Scene of the Iron and Steel Institate, C.8.M., 1916. 
page 66. 
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As a result, all gases will show strongly the effects of 
primary tion—that is, the concentration of the 
solution in the last portions to solidify. If during the 
progress of this concentration the limit of solubility is 
reached, then the excess gas will escape and blowholes 
will be formed. At the finishing stages in the open- 
hearth furnace, as previously explained, the steel is 
saturated with CO and the amount of gas will de 
only on the temperature. If this is constant, then all 
—_ will start with the same —— my - ape solution. 
ing, then, with a quantity of liquid steel containing 

CO and COzg, and neglecting for the moment all other 
reactions except (7), cooling will result in more CO2 
being formed at the expense of the CO. But the steel in 
the solid state may have a very limited solubility for 
CO, and if this be exceeded, blowholes will be formed 
at the instant of solidification. The formation of blow- 
holes not only depends on the quantity of dissolved gas 
but also on the variety of gas. No attention has hitherto 
been paid to this possibility, and to explain all the 
peculiarities in the relations between these gases and 
steel it is only necessary to assume that steel in the solid 
state has a much greater solubility for CO than for COp. 

When equilibrium is established according to equa- 
tion (7): 

Cooz 
Creo - Coo 
where Cz is the concentration of X. When there is 
much ferrous oxide in solution, the ratio st will be 


K= 


correspondingly great, and when the steel solidifies, 
if the amount of CO: is greater than the metal can hold 
in the dissolved state, blowholes. will be formed. If, on 


the other hand, the ferrous oxide be removed, the amount 


of Cg will shrink until the ratio CO? corresponds to give 
the correct value of K, and on solidification the saturation 
limit may never be attained. It is important to notice 
that the total volume of gas (expressed as c.c. per gramme 
of metal) may remain quite unaltered by the reducti 





of the FeO, so long as direct reduction of the gases does 
not take place. ‘ow well this accords with the ex- 
perimentally determined volumes of gas by different 


observers will be seen by the following results. Boylston,* 
using all the well-known deoxidisers, found : 


C.c. per 100 

Grammes. 
Average for deoxidised metal ... 126 
Average for oxidised metal 125 


Goerens,{ using quite a different method for the estima- 
tion of the gas, gives the mean of two — in a basic 
open-hearth furnace, the samples being taken from the 
bath before and after deoxidation : 


C.c. per 100 
Grammes. 
Average before deoxidation 67 
Average after deoxidation 88 


a from two similarly-melted charges of crucible 
steel : 


C.c. per 100 
Gramrhes. 
Steel without blowholes 132 
Steel with blowholes ‘ont 67 


With regard to the latter, the two c 8s were melted 
in separate pots at the same time, and it is admittedly 
difficult to determine similarity of condition during 
melting so far as gas content is concerned. 

It may, however, be taken as proved that deoxidation 
does not necessarily mean the diminution of the total 
gas in solution. 

Since deoxidised steel contains less FeO, the gas given 
oft should have a higher pa ratio than oxidised steel, 
and the results of Goerens again enable this to be con- 

- Taking samples from two electric furnace 
charges after the removal of the phosphorus slag and 


again after deoxidation with ferro-silicon and ferro- 
manganese, and extracting the gas, it was found : 


COe Ratio per cent. 


co 
1 2 
Before deoxidation 8-8 7-3 
After deoxidation 60-0 21-3 


In the first ch the manganese was 0-08 per cent. 
and in the second 0-13 per cent. at the time of taking 
the first sample, showing that the former was in a more 
highly oxidised state than the latter, and consequently 
it gives a greater difference after deoxidation. The 
theoretical deductions are strikingly confirmed. 

As calculated in Appendix a the composition of 
the gas in equilibrium with solid iron and FeO at the 
solidifying temperature, taken as 1,500 deg. C., is roughly 
CO2 = 7-8 per cent., CO = 92-4 per cent., so that even 
if pure COg were given off from the solidifying steel it 
would immediately be reduced again to CO by reaction 
with the solid iron until the composition of the gas 
approached this value. The fact that the gas liberated 
from an ingot burns with the blue flame of CO does not 
imply that it was given off as such during the 
solidification. 

Estimation of Gases in Steel.—In steel, from what has 
previously been said, the gas content in the solid state 
will be proportional to the gas content in the liquid 
solution, but the determination of the exact composition 





* Journal ot the Iron and Steel Institute, C.8.M., 1910, 
page 157. 

t Ferrum, 12, page 78. 

t Journal of the Iron and Steel Institute, C.S.M., 
1902, page 224. 





and pony of this gas presents grave practical 
difficulties. 

Two methods only so far have been used—the ex- 
traction of the gas by heating the sample in a vacuum 
(Baker, Boylston, Donaldson, &c.) and the fusing of the 
sample in a vacuum with tin and antimony, which have 
practically no dissolved gas themselves (Goerens). In 
the first method, any gas which is evolved, which does 
not p the compositi y for equilibrium 
according to equation (7) for the temperature of the 
experiment, will tend to react with the steel until it 
does p that positi Thus the composition 
found must have been modified in a quite indeterminate 
manner by reaction taking place at a lower temperature. 
The sum of the volumes of COg and CO, however, gives 
the exact volume of the mixed gases at the temperature 
of solidification. The composition may not be the 








same. 

With regard to the second method, the carbon con- 
tained in the steel is insoluble in the alloy and floats 
to the surface, where it remains, at the same time 
reducing the COg in accordance with the reaction : 


CO, + C = 2C0 


This reaction not only varies vith the temperature, but 
also with the pressure of the gases, so that the results 
obtained only give the volume of the gas originally 
contained exactly, when expressed as CO2 equivalent. 
That is, the volume of CO? Fg (volume of CO) gives 
exactly the volume of mixed gases originally contained 
by the steel. 

How far the composition is altered depends on the rate 
ot evolution, so that the effect is merely to mask the 
differences in composition by an uncertain amount. 
Qualitative deductions can, however, still be drawn 
from the results, and it is the object of this paper to 
show how such deductions give an insight into the 
complex conditions existing in liquid steel during 
manufacture. 


APPENDIX I. 
The heat of reaction at ordinary temperatures for the 
reaction : 
FeO + C = CO + Fe — 35-6 cal. 


is — 35-6 cal, and the heat of tion at the t a 
ture of a melting furnace, 1,600 deg. C., can be calculated 
in the following manner :— 

From Nernst theorem, using the accepted symbols : 


Q = Q + pte 


dQ 

a= 2 3 = C,—C 

TT BT ‘p. 
There are no measurements of the molecular heat of 
ferrous oxide, since it has never been isolated pure, but 
Richards gives the value at 0 deg. C. of the specific 
heat of : 





Fe20; as 0-1456 
Fez04 as 0-1447 
so it can be assumed that the specific heat of FeO is in 


the neighbourhood of 0-145, which gives a molecular 
heat of 10-45. 


Molecular heat of carbon at 0 deg. C.... 1-92 
Molecular heat of CO at 0 deg. C. 6°71 
Molecular heat of Fe at 0 deg. C. 6-15 


(These values are calculated from Kaye and Laby, 
** Physical Constants.”’) From these results: 
Cry — Cp = 12:37 — 12°86 = — 0°49 = 2 AT, 
and since the values were calculated at 290 abs. : 
= —90 x 10-4 

At T= 290 deg. abs., — 35,600, so that at 
T = 1,873, Q = — 38,700. ‘The difference is therefore 
negligible, and no appreciable error is introduced by 
taking the values at ogy | temperatures. 

To find the difference in the value of the equilibrium 
constant K : 


d Q 
_—log K = — 8 
ae RT, (8) 
and on integrating : 


Ei=- Q(B}. 

Ko R TiTo 

The ratio between the value of K at 1,600 deg. C. and 

K at 1,550 deg. C. is consequently : 
K 38,700 x 50 





log 





log —1 = = +124 
Ke 2x 2°30 x 1,873 x 1,823 
Ky = 1°33. 
Ko 
Since K = Coo__ an increase in K implies an 
Creo . 


increase in CO or a diminution in the product of the 
bottom terms. The steel is, however, saturated with 
CO, and, like all gases in solution, the saturation strength 
must diminish very considerably with a rise in tempera- 
ture. At the finishing stage, pigging back is usually 
started when the carbon is in the neighbourhood of 
0-17 to 0-20, so that the carbon concentration is 
practically constant and independent of other conditions. 
An increase in the value of the equilibrium constant of 
33 per cent., as found above, means a reduction in the 
amount of ferrous oxide in solution of more than 33 per 
cent. ; 





APPENDIX II. 
The reaction : 
FeO + CO = CO, + Fe; + 3.7 cal . (7) 


can be treated in exactly the same manner as the previous 
reaction in Appendix I, but it presents some i 


features. ‘lo begin with, the log K irom Baur and 
Glassner’s results plotted with 1/T does not give a 
straight line, which implies that Q varies with temperature 
to an equecian® extent. 

The heat of reaction at ordi temperatures is 
+ 3,700 cal. and the molecular heat of COg is 8-9, This 


gives, as before : . 
2pT = C, — Cp = 17°16 — 16°05 = 2°11, 
4 B = 36x 10-3 . 


This value is unusually high. At 825 deg. C. the heat 
of reaction Qgos is : 
Qeos = 3,400 + A(1,008)2 + 7,750 cal. 

The equilibrium constant K has the following values : 

750 deg. C. 1-56 

900 deg. C. ; 020 oe 2-51 
which, calculating back by means of equation (8), 
Appendix I, gives 

Qeo5 = 7,650 cal. 
This agrees very well with the previous value, found 
by quite a different method. 
Substituting Qo + ST? in the een of equation 

(8),  ( ceaeee I, the value of K at different temperatures 
wi H 


"S00" 


1 5-8 
1,300 7°5 
1,400 ese soe ons ce ees 9-5 
1,600 bee ia S06 on ai 12-1 
1,600 exe one ose doe 15- 

The gas given off from a steel —- immediately after 
solidification gave a ratio for K of 11-0,* and at lower 
temperatures 3-1 to 4-2. In the former case the tempera- 
ture cannot have been far removed from the temperature 
of solidification, which was in the neighbourhood of 


1,475 deg., and in the latter case the temperatures were 
probably about 700 deg. to 800 deg. ©. These figures 
show the great importance of equilibrium conditions, 
and port the contenti of the author regarding the 
methods of estimating the gases in solution in steel. 








WASTE HEAT FOR STEAM GENERATION. 
The Utilisation of Waste Heat Open-Hearth Furnaces 
“af the Gumaecadt Steam.t 
By Tuomas B. Macxznzte, M.I.Mech.E., Motherwell. 
(Concluded from page 569.) 


A typical analysis of the producer gas supplied to the 
furnaces during the above tests is :— 


Per Cent. 

co, oe 8-2 
co 20-8 
CH, 3-4 
H, 13-0 
No 54-6 
100-0 


From which the amount of air and volume of products of 
combustion, with the theoretical amount of air 

for complete combustion, can be calculated. The result 
combustion, with the theoretical amount of air required 
is shown in the following table :— 














Products of Combustion. 
Gas Ft3 per | Air for Complete 
Fts, Combustion. 
COg. | H,0. Ne. 
CO, : 0-082 — 0-082 — one 
CO : 0-208 O, : 0-104 0-208 os - 
CH, : 0-034 Og : 0-068 0-034 0-068 _ 
H, : 0-130 Og : 0-085 — 0-130 ae 
Ny, :0-546 Ny, : 0-902 _ _ 1-448 
1-000 1-139 0-324 0-198 1-448 














1-139 volumes of air are therefore required for the 
theoretical combustion of 1 cub. ft. of producer gas, 
and will yield 1-97 cub. ft. of products of combustion 
all oe beer . 

A typical analysis of the waste gases entering boiler, 
estimated on a dry sample, is :— has 


Per Cent. 
co, 11-2 
O, 7-2 
Ne 81-6 


: 100-0 
Replacing the water vapour and separating from the 
N, that entering with the excess air, the volumes and 
percentages are in 1 cub. ft. of the products :— 











Cubic Foot - 
Gas. Cubic Foot. Per Cent. 
CO, 0-1127 11-27 
H,O 0-0688 6-88 
Ny i 0- 4996 49-96 
Excess air 0-3189 31-89 
1-0000 100-000 











The total volume of the products of combustion are 
with this amount of excess air 2-89 times that of the 





* Baraduc-Muller, loc. cit. 
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producer gas when they are at the same temperature 
and pressure. 
The mean specific heats of the gases in pound calories 


Fad cubic foot at s.t.p. have been calculated by the | the f 


ollowing Malard—Le Chatelier formule :— 
co = 0-023 + 0-000014¢ deg. C. 
Hy = 0-021 + 0-000009% deg. C. 
O, and N, = 0-0189 + 0-0000017¢ deg. C. 

To aid the use of these formule, Fig. 2, page 568, ante, 
is given, on which the temperatures of the gases and 
quantities of heat in pound calories are plotted as co- 
ordinates. The curved lines give the values for the 
various gases named. To use the diagram all that is 
necessary is to multiply the fraction of a cubic foot 
of the particular gas in 1 cub. ft. of the mixture by the 
value of the heat contents on the vertical scale opposite 
the point where a vertical from the temperature cuts the 
curve of the gas required, when the sum of the products 
will give the heat contents of the mixture in calories 
per cubic foot. 

The calorific value of the producer gas is 78-91 lb. 
calories per cubic foot, and ite volume about 150,000 
cub. ft, at s.t.p. per ton of fuel. 

The furnace, when the whole volume of gas passed 
through the boiler, was delivering 950,000 ft.? of products 
per hour at s.t.p., and was P ucing ingots at the rate 
= 5-94 tons per hour; its fuel consumption was there- 

ore :— 
950,000 ft.° per hour =17-+377 cwt. per ton 
7,500 {t.3 per ewt. x 5-94 x 2-89 of ingots. 


As the furnace was working on cold stock, and the fuel 
contains on an average 13-5 per cent. ash and 9-7 per 
cent. water, the result is fairly good. 
Consideration may now be given to the theoretical 
rinciples which govern the operation of waste-heat 
ilors, naking use of the data which have been observed 
in connection with the above tests to determine the 
constants, to enable formule to be constructed for 
fixing area of heating surface, &c. Let 
A= Cnn of heat per [t.5 in products entering 
iler. 
62 = Quantity of heat per ft.3 in products leaving 
boiler and entering economiser. 





63 = Quantity of heat per ft.5 in products leaving |. 


economiser. 

V = Volume of peeete per hour reduced to s.t.p. 
Hi = Area of boiler heating surface in square feet. 
He = —_ of economiser heating surface in square 

eet. 
My = a of heat transmission through boiler 


Me = Modulus of heat transmission through econo- 
miser H.8. 


The amount of heat transmitted through an element of 
heating surface d H. will be : d H.M. 6. 
The volume of products flowing past this place in an 
hour is V cub. ft., and the heat lost by it will be: V.d @. 
When steady conditions have been attained these 
expressions must be equal to each other, therefore : 
d@H.M.@=— — V.d@, equal to: 
San 8 
dé M’ @ 
Integrating (1) there is obtained : 


(1) 


H = — log @ + const. (2)* 
To determine the constant make H=0, at which place 
the entrance to the boiler, @ = 6; and the constant is : 
vV 
—. log 44. 
il log 1 
Taking the integral over the whole heating surface 
from the entrance where @ = 6), to the outlet when 
@ = 62 there is obtained the equation : 
HM A 
= = = ° ° . & 
v7 (2) (8) 
Having observed V, H, 63, and 62, the modulus Mj; 
can be obtained from the equation : 


Mi = 7 «108 (5) tts, Egle 


Finally, having found Mj, and fixed on the ratio 
, the heating surface of any boiler to deal with V 
cub. ft. of products per hour can be calculated from the 


equation : v - 
Zea...) ow) ° . 
m (3) "7 


The same argument — to the economiser except 
that Mj, 0; and @2 are substituted for Mj, 6; and 62. 

The modulus for boiler Mj and that for economiser Mg 
have been calculated from the data furnished by the tests 
— above with the resulis shown in the following 
table, viz. :— 


It will be noted that the modulus, in the case of the 
boilers, is fairly consistent, the average value being 
170-8. If it be taken as 171 equation (5) can be put in 
“Volume of products per hour at s.t.p. x 

171 


log (3) = heating surface of boiler in sq. ft. (6) 





In the case of the economisers the results are rather 
inconsistent. It is, however, interesting to note that in 
Test IJI, which gives the highest value of Mg, the 
economiser was new and was pg A eo with Loch 
Katrine water, which is ideal for r purposes. The 
next highest is the experimental one when the economiser 
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Pig: 3.CHART SHOWING RELATION OF PRODUCTS OF COMBUSTION TO HEATING SURFACE IN 
WATER TUBE-@OILERS OF THE BABCOC 


TT 
Ss souane rer] 
. Ng 


values of the modulus M. To the right of these are 
another series of diagonal lines giving different values 
of the ratio ® or %, as the case may be, whilst at the 


top right side is a scale from which the i 
ee ee 
read off. 

The method of using the di is to select on the 
scale of volumes the value which to the case, 
pass vertically upwards to where the cuts the value 
chosen as the modulus, then horizontally across to the 
intersection of the line giving the value chosen for the 
ratio of heat contents, then vertically upwards to the 
— en surfaces, when the value required _will 


Heatince Suanracs, H. 
a TYPE 
300 400 600 800 1000 1500 2000 3000 4000 6000 8000 1000 








\ 
SGWE Fev vrvrs rev ery vr POYYY FYOTY tty vr es MU BUEVEVEVIVIVFLI NI EWRRUPYSTIOPEN TT Trt TY POYTY TTT 
20000 40000 80000 152.009 300000 600.000 
(8605 £) 


Propucts or Comeustion. V. 


H = 2.3026 Y togyy %. 
m 62 
Where 
H = Heating surface in square feet. 
V = Volume of products of combustion in cub, ft. per hr. 


Fig 4. LAY OUT OF PLANT. 


was also new and supplied with Motherwell water, 
which is a fairly good water. The third highest, test 
No. I, was also supplied with Motherwell water, but the 
economiser had been in use for some time, so that the 
pipes were probably somewhat scaled. The two lowest 





tests II and IV, are both fed with water from 


























| Kilbirnie Loch in Ayrshire, and the water is rather hard. 
a & s Boller. | Economiser. If the average of the three highest values be taken 
~—" we obtain the value 213-2, or in round figures 210. 
Lb. Cal.|Lb. Cal.|Lb. Cal.| 4 a Equation (5) can then be put in the form: 
Om Mi. Oy M, Volume of products per hour at s.t.p. x“ 
210 
.| 10-75 | 5-19 | 8-40 | 2-07 | 170-4 | 1-53 | 294-5 1 (3) = heating surface of economiser in sq. ft. 

) 21.08! sei eolies tele) oe se 
rit. | 12-47 | 6-10 | 3-48 | 2-04 | 162-6 | 1-27 | 237-0 » To enable the results of these equations to be found 
IV. | 9-26] 6-26| 5-39| 1-48 | 169-8 1-16 | 117-5 | by inspection diagram Fig. 3, above, pre- 
» on which will be found a scale at the bottom 








* The logs are the Naperian or natural logarithms. 











ft-hand side giving values of volume of products per 
hour; the diagonal lines above this scale give different 


100Q000 CUBIC FEET PER MOUP 
ars.v Pe 


A= Se eiah pe et, ft. of products entering 
er, 
0g = ot ~~ Senge per cub, ft. of products leaving 
r. > 
m = Modulus of heat transmission through heating 
surface. 


® 


Consideration may now be given to the rate of heat 
transmission through the boiler-heating surface. This 
will depend on two factors :— 

(a) The difference of temperature between the average 
heat of the hot products in their through the 
boiler chamber and the water inside the boiler, consti- 
tuting the heat gradient through the thickness of the 
material forming the heating surface. 

(b) The s of flow of the hot products over the 
heating surface. 

It will be assumed, what is probably correct, that 
when the speed of flow is constant the rate of trans- 
mission through the heating surface of the boiler will 
vary directly as the heat gradient, and that when the 
heat gradient is constant the rate of transmission will 
vary directly as the s of flow of the products. 
It will also be assu that the figure obtained by 
dividing the average volume of products passing | a 
the boiler chamber by the area of heating surface will 
proportional, with boilers all of the same type, to the 
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speed of flow. With these assumptions the following to the rate of heat transmission, viz., that the rate| The following papers have alread peared dealing 
table has been calculated :— of flow of the products is a function of the volume per | with the subject of waste-heat bellan vie. — 

minute divi by the heating surface and calling 
iL & 8. 4. 5. ZS S ae Se eS ETS near OI | rhaee Bindens 
=. Heat Heat : Date. Title. Author. 
Heat vol-per. min. Png = — J a 4 0.16 f (v) = suction in inches W.G. - (1) 
‘ 2and 3 = —. 3 will give results deny ing oe ~- limited number | I. EB & 6. Soot., . gas toe 3 = Thomas 2 
Fara ase av , as the following table will 21/3/1911 Ws at in ‘Malle Mackenzie. 
Exp ws o-se | 2,002 | oor” | “Dice” Am. I. &8.,1., Ni Wort sina Bacon. 
'. ‘. 2 ’ ° 8., 9 Wi a. 
1. 257-4 9-39 | 2,416 1,390 5258 Suction Suction York, asisfias. Open Hearth ih Rd Bae 
U1. 174-7 10-02 | 1,758 | 1,076 1,135 Ke) entering leaving | Difference. _ From | am. Soc. M.E., New | The Utilisation of Waste | Arthur D. 
I. | 280-8 9-88 | 2,775 | 1,889 1,814 Boiler. Boiler. | Formula. | "York, 6 to 8/12/16, Heat for Pratt. 
IV. 198-7 | 17-04 386 | 1,882 1,401 
w.a. wW.a. w.a. W.G. 
= 9-39 oot 243 162 T50 
G = Heat gradient as defined above. 9- : 3-05 1: ‘ 
8 = Volume of products per minute divided by 10-02 1-00 2-80 150 1-0 | THE PROSPECTS OF THE GERMAN IRON 
ne soet ne ‘ace as defined above. 17-04 1-00 3-75 2-75 2-72 INDUSTRY. 
=Gx 8. 
T = Heat transmitted through heating surface in| —._______..———<—S—~—S ie At the general meeting of the large German Luxem- 
pound calories per po an foot per hour. More experimental data are, however, required before | burg Mining and Iron Works Company the chairmen, 
: blag ; the curve can be accurately determined. Herr Hugo Stinnes, made the fo i statement : 
It will then be found that if the common logarithms; Ag none either of the boilers or economisers which | “This general —s is held at a time of serious 
to base 10 of P and T are plotted as co f the | were tested were prepared in any way for the test, but | danger for our Fatherland. e shall, of course, do our 
pointe will lie in a cluster —_ which a straight line | were taken in their actual working conditions, some of | utmost to supply the Empire with means to carry on 
can be drawn inclined to the horizontal at an angle | the disc ies betwen the actual and the calculated | the final fight. The time of preparation for peace 
whose tangent is 0-32 and which will cut the vertical | results are no doubt due to the state of the tube surface | is before us and fills us with concern. This is not the 
axis at 2-017, from which the following equation can be| as to freedom from deposit on the outside and ecale | time to speak of ‘still reserves’ which were to counter- 
derived : inside. balance this or that loss. 


T= 104 x (P)/-e 
This equation can be written : 


Logio T = 2.017 + 0.32 logioP. . (9) 


» which aang it is easily solved with the aid of a table 
of | ithms. 

Values of T have been calculated for the several tests 
recorded in the first section of this paper and tabulated 
in column 6 of the foregoing table against the values from 
the experimental results. 

It will be noted that the experimental boiler and No. 1 
do not agree very closely, but that the others are in 
fairly close agreement. 

More experimental data are, however, required over a 
wider range of values, and it is hoped that any of the 
members who may have such data in their possession 
will be good en to communicate them. 

It will be noted that in fixing the heating surface we 
determine the ratio of heat contents of products 
entering and leaving the boiler chamber, whilst in 
pene ayes the heat transmitted per square foot of the 
heating surface what we require to know is the tempera- 
ture entering and leaving the boiler chamber. The 
temperature entering will, in the case of an existing 
furnace, be obtainable by actual measurement with a 
pyrometer, and in the case of a new furnace can be 
approximated to from the known results obtained with 
similar furnaces. 

To obtain the temperature of the products leaving the 
chamber, having fixed upon the ratio of A it will be 


(8) 


useful to have an equation connecting temperature with 
heat contents in a form convenient for use. 

If the analysis of waste products already given be 
taken as @ good ave sample, the equation con- 
necting temperature with heat contents is: 

0.1951 ¢ + 0.000,003,6 # = @ = heat contents per cub. ft. 

This quadratic equation is not particularly convenient 
for ase, bent if values are calculated, and their logarithms 
plotted with the logarithms of the temperature as co- 
ordinates an equation is obtained which is easily solved 
with the aid of a table of logarithms, it is : 


Log t deg. Cont. = 0.939 (1.846 + log @) . (10) 


The following table gives values of heat contents 
corresponding to the most useful temperatures likely to 
occur in waste-heat boiler practice, and also the results 
obtained from equation 10 :— 

















Tem Heat Contents per Equation (10). 
=” Cubic Foot @. 
tor 1-987 18-1 
200 4-046 202-2 
300 6-176 299-1 
408 8-379 398-4 
500 10-654 499-1 
600 12-996 599-4 
708 15-424 706-3 
800 17-912 813-0 

Another point which is of interest is the question of 


Pecducte from o large emelting have to be dealt 
Making the same assumption which was made with 





None of the boilers above referred to were provided 
with superheaters, but there is no doubt that such could 
be quite well applied with the advantage of obtaining 
steam containing a greater store of wry 

With regard to the actual setting of the boiler, econo- 
miser and fan, it is important to keep the short 
and direct, avoiding all quick bends, also to do earns 
possible to prevent air lea’ . There must be 
provided plenty of explosion doors, which must be air- 
tight when closed. So important is the prevention of air 
ary aS soma the author is of opinion that where waste- 
heat boilers are to be used the air valves of the furnace 
should be water-sealed, as the butterfly valves usually 
used for air are far from being tight. 

A = lay-out of the plant is shown in Fig. 4, from 
which it will be seen that a retin | water-sealed valve 
of the drum type is arranged to send the products either 
to the boiler or direct to the chimney, and that the fan 
discharges back into the chimney, as even at their low 
temperature, after passing over boiler and economiser, 
some = could be got from the chimney to help the fan, 

Collecting the more important results of the tests 
detailed in the first part of this paper, the following 
table is obtained :— 





wom. | | t | mo | m | wv, 





1,555 000) 2,540,000/2,360,000)2,934,000) 3,081,000 


2,440 3,792 3,728 4,616 4,736 


Weight of steam 
per ton of in- 
gots, Ib. --| 1,084 949-3 | 855-3 1,252 
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The German Luxemburg 
Company is a strong undertaking, and will as well as an 
other concern be able to bear what may be im 
uponit. Tosecure the future as far as possible employers 
and employees in the Rhenish-Westphalian iron and 
coal industry have considered it right to co-operate for 
the time of reconstruction. Both sides are of opinion 
that we shall only be able, to some extent, to grap 
with the infinite difficulties of reconstruction and de- 
mobilisation, if every internal st: le is avoided and 
workaday Germany shows a uni front to the outer 
world.” A representative of the shareholders pleaded 
for a bonus in addition to the 10 per cent. dividend 
and asked for information about the company’s interests 
in Lorraine and Luxemburg. Herr Stinnes replied that 
the company’s interest in Lorraine and Luxemburg 
was centred, in the first instance, in the Differdingen 
works, next in the majority of shares in the Saar and 


Moselle Mini pees ange and lastly in shares in the 
sep mpany, St. Ingbert. As matters now 
had developed, there could hardly be any doubt about 


the German Luxemburg Company having done the right 
thing by expanding their manufacture in the direction of 
more finished products. He did not approve of a bonus 
being detent. as in these times of upheavals even 
shortage of means of rt might make it impossible 
for the production to be forwarded at the proper time. 
Many iron and alkali works already had stocks far in 
excess of the usual quantity owing to lack of adequate 
means of transport. 

At the general ting of the B Union it was 
pointed out that the industrial and financial prospeote 
were much dependent upon political developments, 
which were then very uncertain. In case the peace, 
as was to be hoped, still left a chance of existence for 
the industry, prospects might be looked upon as fairly 
encouraging Owing to the many orders in hand. 
board expected that the Government would assist the 
works in the reconstruction period 5 Aa adequate 
new ord In this case it would possible to give 


h 








The average of the above weights of steam per ton of 
ingots is 987-5 lb. As only one of the boilers in the 
above tests was receiving all the waste products of com- 
bustion, and it was too small to deal properly with the 
amount, and the others were only using about two-thirds 
of the products from their respective furnaces, there 
seems reason to believe that at least 1,200 Ib. of steam 

r ton of ingote would have been obtained under more 
avourable conditions. 

Experience has shown that in a steel works making 
plates and bars, and in which the power plant is not 
particularly em most of the mill engines being of 
the simple high-pressure type, the shears being similarly 
driven, and even some of the live roller racks being 
driven by small and wasteful engines, whilst the pipe 
a are of considerable length, team consumption 
works out at 3,200 lb. per ton of ingots. Even in that 
case, therefore, the saving in boiler fuel which could be 
effected by the use of waste-heat boilers on the —s 
furnaces would be 43-75 per cent. Another source 
steam, which has not been dealt with in this r, 
is the waste heat from the reheating furnaces. 
volume of products would be less per furnace, but from 
some teste made it would appear that the tem 
is — A very conservative estimate will refore 
be, under conditions named above, & saving | 
of 50 per cent. in boiler fuel can be made by utilising heat 
presently, in nearly every case, going to waste. 

More experimental data are, however, necessary, and 
it is to be hoped that ~ es members ae may have 
such in their possession will, in the interests of engineering 
science, communicate them, so that the deductions 
which have been drawn from those herein recorded may 
be either confirmed, or, where necessary, modified. 

In conclusion, the author desires to thank Mr. A. 
Maclaren, B.8c., for his assistance in superin ing the 
ponte om Denese Wien, <6 TS Rekties, ae Ss ee 
in making the —— attac to paper, to 
Mr. Thomas, the boiler-shop manager at Dalzell Steel 
and Iron Works, for his assistance during the installation 
and testing of the experimental boiler, and for many 





useful hints in connection with the remaining boilers. 


the men returning from the front remunerative work, 
and negotiations were pending between the works and 
the men’s organisations about an agreement as to the 
steps to be taken, 

At the general meeting of the Kénigs- and Laura- 
Hitte the p ts for the future were stated not to be 
very favourable on account, more especially, of the 
capricious rise in the cost of production ; ores had risen 
59 per cent. and coke 56 per cent. When came, 
the reconstruction process would not present much 
difficulty. The 6,280 hands would all be received and 
——— found for them. This would be facili- 
tated by the leaving of the prisoners of war and part 
of the —_ —. The State would have to find 
the work. In order to prevent any great yes, 
ready pen the Upper Silesian works had clubbed 
together issued emergency vouchers for 5 marks, 
ah we oan 23 the Kealk Machine Co; Cologne 

report of t mpany, ° 
ive petened So the lmpatienss ao shen Sara ae 
supply problem of raw materjals was solved at the 
conclusion of peace, but othérwise the position was 
satisfactory ; a dividend of 20 cent. was declared, 
the writings-off had been on a ral scale for the last 
few years, capital wae plentiful, as were orders in 





Manvuracturs anp Reparr or Riries, Pisror, 
Revotvers and Sot Guws.—lIn reference to the 
Small Arms (Manufacture and Repair) Control Order, 
1918, made by the Minister of Munitions, and dated 
May 7, 1918, the Minister of Munitions orders as follows : 
(1) As from the 15th Nov. the said Order is revoked. 
(2) Such revocation shall not affect the previous ra- 
tion of the said Order or the validity of any action 
thereunder or the liability to any penalty or punishment 
in ——- of any contravention or failure to comply with 
the Order prior to such revocation, or any p 
or remedy in respect of such penalty or punishment. 

3) The new Order of the 15th inst. may be cited as the 
mall Arms (Manufacture and Repair) trol (Revoc* 
tion) Order, 1918. 
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| [Nov. 22, 1918. 








** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACT OF 1907. 


AERONAUTICS. 
ng Motor Company, 
Leeds. 


parts of the . 
Specification of Patent No. 118,028 there is described a 
davice a which one end of » metal strip or wire fe Sized 


one 
of its ends to one of the mem the 


resent invention provides 
ruction 


jon having all the advan of the const 


above outlined, and has in addition thereto means whereby 
an old locking wire can be removed and a new ae wire 
substituted therefor without calling for soldering. s end, 
and according to this invention, there is pro hed Po collar or 
annulus 6 which the threaded end of the tension 
member 1 is passed until the collar is at about, - it may be 
above, the commencement of the screwthread of the tension 
member, and the collar or annulus is then re al 
to the tension member, and it is to - collar or annulus 
end of the wire 7 is detac hably fixed. Such detachabl 
for the wire is preferably effected by i - a of the wire 
thr a hole drilled in the collar 6 and p mde “ = 
the wire over, for instance, a hole may be aeile 
collar llel to the tension member; then the S-+- AO the 
wire below the collar can be bent around the connection device 2 
or through a hole in the pin 5 by which the latter is 
anchored in such manner as to prevent rotation in an undesirable 
direction between the tension member and the connection device. 
(Accepted August 21, 1918.) 
118,028. The Blackburn & and Motor Com- 
y, Limited, Leeds, and J. W. Copley, Roundhay, Leeds. 
Rircraft. (2 Figs.) November 13, 1917.--The invention refers 
to locking ‘devioss foe tension membe rs, the object being to | | 
revent relative ti such t members and 
e connection devices a by which such tension members are 
connected to of the structure or to each —: and the 
invention particularly refers to tension members, the end or 
ends of which are screw-threaded into the connection devices, 
which device may be eo or —_ = ey formed and adapted 
to be to some Pay = 
this invention, a mnotallic stl iP of wine atu 
and of any suitable metal is fixed by one o 


thee 





sey Feeaacesee | 


to the tension 


member 1 near the screw-threaded end thereof, such fixture 

being effected by sweating with solder and when the tension 

member has been screwed into the jon device 2 until 

at the required degree of tension, then the wire 6 is bent around 

the tension member in a helical direction and its end is also 
part fit, or pan 4 a Der | rojects 

o or member p ng 

the connection device, , such manner that 

any relative rotation in a direction not desired between the 


connecti evice, and t.eréby in a positive and effective 
manner preventing r Telative motion between the two parts ina 
not d (Accepted August 21, 1918.) ok 


ELECTRICAL APPARATUS. 





(7 . 
According to present invention, 
chambers Rul of which the electrol 
can take place th 
above the level of 
bet t 


said compart: 
battery cell a-is — in its 
preventing spilling of the electrol 


os Pome conse 


in the cell when = its 
4 line ¢, Fig. 1. Within oy 
onan Sf havi 


is a 
b- 
hing co; 


a sloping bottom and an inclined tube g esta 
on between the two chambers. Thé vent 











aperture b has a tube A depending therefrom to prevent han me 

lyte gaining access to the vent fross the interior 

With this arrangement the spill poms | device is compl 

enclosed within the walls of the cell, and electrol 

returns to the latter from the chambers when the is in an 

—— or nearly upright position, so that accumulation of 

= ectrolyte within,the chambers is obviated. (Accepted August 21, 
Ad., 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


, and The 
Iya. baptosioa "pie tent oat 
, a 
The invention consists in an Fh ~ jon engine in which 
liquid fuel is sprayed into a water-cooled combustion chamber, 
the engine beng provided with a differential piston adapted to 
force a portion of the charge through a hot tube into the com- 
bustion space towards the end of the compression stroke. There 
is provided at the eX end of the engine cylinder a a water-cooled 
combustion space 6, in which the inlet and exhaust valves c, d, 
are situated, and which 1s provided with - jet e for the admission 
of liquid fuel. A differential is provided, the smaller 
end of which enters the combustion space, so that a “age = of 
the charge is teoned between the larger i g of oy 
and the end h of the engine cylinder. From this at the 
end of the cylinder, so as to convey the en 
passage & leads to the back of the combustion ¢’ 


¢c a 
mber casting 


on which there is provided, and in connection with the F mpg 4 
a MW wny oy tube / projecting outside the 
a tube m protruding into the combustion space fn th the 
nei htourhood of the fuel jet e¢. Before starting the engine, > 
pro ecting part / of the Uo ped tube is heated by a lamp. 
rating the engine the fuel is injected, in a finely vided 
te, into the combustion chamber about the end of the com- 
pression stroke just as the small end of the piston is entering 
ie combustion chamber, namely, about the same time as the 
oene charge 1s forced round the U-shaped ae so that 
gases emitted from the tube will meet the fuel charge 
in the combustion chamber, and, by the heat of the eases together 
—, oe 
of the tube may be 
by the explosions i 
. Engine. 1 
it 28, 1917.—This invention relates to ~ = 


with the heat of the tube, ignite the fuel. After t 
——— with, sufficient heat being pro rovided 
1 AA n the engine cylinder. ( Accepted yee 21, 
ines of the sleeve valve and four-stroke cycle type. The 





running for a sufficient | 
117,978. B.D. Scott, Stretford, Manchester, and W. H. 
Sale. Internal-Combustion 
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E 
P) 


; 
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¢ 


a8 
at 


the surfaces of 


118,037. L. 
y> 


the 
. The 


a ee 
; octaber 6, ig1t tine FE... 


of the washer fitting 
mee entry of 

f.| Plates 1 an entry 
1 are united by a bush 6, whilst 
a rivet 7, and this rivet 7 is provided with a helical 
w ch is filled with a non-ferrous metal which serves to 


made of steel, and being e 
but it is found that the em 
provides a lubricant. (A 


MINING, METALLURGY AND METAL WORKING. 


that 
uncovered j 


piston, yt remains 


continued movement 


movement of the mo dig vey ge piston, 


LIFTING AND HAULING APPLIANCES. 


Brothers, Limited, 
con- 


poy ny aie of the rivet are provided with a 
a lubricant. The outer surfaces of ~ yt inner 


inner surfaces of the outer plates 4 bei: similar 
. pla’ ing ly 


ive the other half of the washer 3, the inner 





closely against the exterior of 
"dust between these parts and also 
ust between the two plates. The inner 
ist. the outer plates are united 
hated 8, 
ibricate 
vet and bush are 
to water are liable to corrosion, 
joyment of a non-ferrous surface 
ccepted August 21, 1918.) 


the rivet and bush. 


Ng ag Be gg, gg A 


* Fig.) November 23, 1917 —This iaventies 


(i 
Telates to “crucible melting-furnaces that 


rtition ¢ which, when the crucible 


1918.) 


116,850. J. 
the 


portion sma is —_ 


position therein as to form the cover of a relativel 
chamber direct! 


tormolentiy liquid 
bottom. The cover c is com 
and is provided with a ocuntamntiohen pn a in which the loo 
lower ends of hange 
for connecting the cover to the chain d. 


rnace a, is inserted into the latter and is supported in such a 








confined 
above the accumula‘ and 
igh temperature to be erated 

spilt metal and slag to ler them 

) te thr wholly holes ¢ in the furnace 
of refractory material 


TS €, ¢, are secured, the 


Ciseepted a August 21, 


SHIPS AND ptt Aa » See 


Taylor, East B 


Stockless Anchors 

s Pigs. ao December 19, 1917 t Thet tavention relates to anchors 

stockless type ‘in which the flukes are 
sivoted to @ cross-bar carried by shank. A 

vention, the head or fluke postion, of the anchor is cast or extend 

in two pieces, which are 

- angular movement so as to allow the takes of t of the 

adjust themselves to 


ently 
the to the 


allowed to have a few degrees 
yo 3 
fit the ship’s side. The head or fluke 
in two pieces C and Cl, and these are held in posi- 
ith the shank A, by means of a circular steel rod B, 
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